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PREFACE, 


The aim of this book is to refresh the memory of technical 
sugar men on the more important things observed m the con- 
duct of a sugar-factory ; it may serve, furthermore, as a guide 
for boginncis in practical sugai-work, and as a basis for further 
studies 

It IS in no way intended that the book will replace any of 
the text-books or handbooks that treat of the manufacture of 
bcct-sugai , in fact it is assumed that the leader alreadv has a 
general kno^\ledge of sugar-chcmistry and sugar-technique In 
such liooks, however, tliat w’hich is of utmost importance to the 
piactical sugar man, namely, the theoretical principles upon which 
the methods of working depend and the many rules, tricks, and 
numerous other little things leai ned by experience which are so neces- 
sary for the proper conduct of a sugar-factory, is either incompletely 
treated or vaguely distributed throughout the other subject-matter 
Most practical sugar men, therefore, will find but little that is 
new in these pages, but it cannot be distasteful to them to have 
the matter briefly summarized so that they can look it over during 
the long pause between two campaigns 

A book concerning the sugar-industry can be written only by 
one who has himself had practical experience. Consequently the 
author will be pardoned and not considered narrow-minded for 
having stated in many cases merely his own experience; at all 
events he has tried to make his treatment of the subject as objec- 
tive as possible and with reference to the experience of others 
in so far as he has learned it from personal contact and from the 
literature. Most of the original articles which have been used 
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are referred to in the back of the book, so that the reader himself 
can look further into questions which he finds are not treated fully 
enough, and also form an independent judgment. 

H. Claassen, Ph.D, 

Eokmagen, April, 1901. 


NOTE TO THE SECOND EDITION 

Titr book has been improved by additions and changes with* 
out affecting the brevity and comprehensiveness of the treatment. 

Dr. H. Claassen. 

Dormagen, November, 1903. 


NOTE TO TI-IE THIRD EDITION 

As in the second edition, the author has made addii-inns and 
changes without altoiing the gcncial plan of the woik Th(3 
sc'(*ti()ns on Juico Extraction, Diymg the Spent Chips, and Ciys- 
iallization, as well as tho calculation on tho Steam Consumption 
in tho Appendix, have boon woikcd over, and in all other chaptcis 
of th(' liook tho text has been revised and made clcaici 

Dr. H CjjAAssen 


DoiiMAOEisr, JaTuiary, lUOS. 



TRANSLATORS’ PREFACE. 


Claassen’s ''Zuckerfabrlkation'^ is already familiar to most 
well-informed sugar men It has taken high rank m the literature 
for its concise and intelligent presentation of the vital points of 
process detail and as a guide for manufacturers of some experience- 
Much that has been treated by Claassen can be applied to the 
cane-sugar industry as well, so that cane-sugar experts have 
learned already to value the work as one of great usefulness when 
the text IS applied with proper discrimination as to fundamental 
differences m process 

The tianslatois offer an English text giving data of factory 
practice in those units in every-day use in our own sugar houses 
in the belief that such will be welcome to many. 

W T H. 

G. W. R. 

September. 100b 


NOTE TO THE SECOND ENGLISH EDITION. 


hi the second English edition the translatois have not only 
iiHHirporatcd the laige amount of valuable new material added 
by Dr. Claassen, but have taken the opportunity to revise the 
old text thoroughly They have iollowed more closely the con- 
venient typographical arrangement of the German edition m the 
\iS0 of bold-faced type, and it is thought that the book has been 
improved materially. 

^ W T H. 

G. W. R. 


January, 1911. 
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BEET-SUG-AR MANIJEACTTJRE. 


INTRODUCTION. 

The first and most important factor of success in ))cot-su^i;ar 
manufactuie is a piojicrly cultivated Ix^'t rich in sii^>;ai 'rh(‘ie- 
forc the sugar manuiacturer should use all th(‘ nutans in his |)<)\v(‘r 
to persuade farmem to cultivate the Ixx'ts so tiiat no( only IIk' 
harvest will prove of satisfactory wcnglit, hut the lxx*t-juic(» will !)(' 
puie and of high sugar percentage' "I'lie most (‘(‘itain nu'ans of 
accomplishing this is to pundiase the Ix'cts not incK'Iy by we'ight 
but accoidmg to the amount of sugar that they contain, although 
this may not always be possible In llu' latt(*r (*as(' the mnnufao- 
turer must content himself with fuimshing contracting farmers with 
seed which has been propoily bied and presciibing the iiK'thod of 
fertilizing and tillage. 

A rich sugar-beet which gives a pure juice is not only absolutely 
but pioportionally more valuable than a Ix'ct which givers an 
impure juice or than a beet poor in sugar, for with tlu\se latter 
there is a greater loss in sugai in manufacture, while tht' cost of 
working is at least as great for th(' same wcught of beets. Hence, 
in comparison with the sugar yield, the cost is greater, aside from 
the additional consideration tliat the expense is frequently in- 
creased by the slower process.* 

* Further, the capacity of the house is considerably diminished in worlc- 
ing beets of low purity, owing to the increased amount of after-product, 
— ^Te4nslatohs, 
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BEET-SUGAR MANUFACTURE. 


The sugar-content and the puiity of boots and juice not only 
depend upon conditions which man can control, but also upon the 
weather, the climate, and the natui’C of the soil. Wlioro tht< climate 
permits, the harvesting of the beets should bo delayed as long a'- 
the approaching frost ponuits ; for the longer the growth period, 
the more sugar there will be in the beet, the purer the bent-juice 
and the heavier the beet-yield. 

All of these points, important as they arc, arc of more concern 
to the farmer tlian to the sugar-manufacturer. The activity of the 
latter begms at the time the beets are delivered at the factory. 



CHAPTER I. 


THE DELIVERY, RECEIVING, AND STORAGE OF BEETS. 

The time for opening the campaign depends not only upon 
the ripeness of the beets but also upon the amount at the disposal 
of the factory and ufion its capacity If a larf>;c quantity of beets 
arc to be woiked up so that a long campaign is expected, it is 
advisable to begin as soon as possible, say by thefiist or middle of 
SeptembcT, oi as soon as the sugar-content of the beets makes it 
jirofitabk' In order to liave the necessary data foi deciding this 
question it is highly desirable to have a ninnber of samples taken 
fioin the fields and tested by the end of August 

If the factoiv expects only a small bee t-liai vest, the opening of 
the campaign should be <lelaycd as much as [)ossibI(‘ so that from 
the fust W(*ek theie will be iipe beets on hand, and thioughout the 
whole campaign only fr(\slily-har vested, ripe b(H‘ts will be w'oiked 
up Jn short, each year the work must bc^ jilaniK'd for the hugest 
jiossible average sugar-yudd, if the work is begun too eaily, the 
factory suffers by having Ixuits whicdi aic unri])e and consequently 
ddicient in sugar, wliile, on the other hand, if begun too late, the 
loss m sugar will be considerablci on acc^ount of the prolonged 
stoiage of the beets 

In southern countries, wlune sugar-1 lec't culture has been estab- 
lished for some time, other iactors must bo taken into consid- 
eration in beginning and (mding the campaign. T'hero the beets 
ripen very ciuickly in summer and must bo worked up as quickly 
as possible before the rainy season of the autumn causes a renewed 
growth and consequent loss of sugar. This and other peculiar con- 
ditions caused by the climate must be taken into consideration if 

3 
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the maximum average yield is to be obtained from the beets. Oi 
the other hand, m countries where continued frost comes earl] 
the case is quite different In such places the camjiaign must b( 
begun early enough to allow the farmer sufficient time to harvos 
all of his beets. 

A regulated delivery of beets is of great advantage to the nianu 
facturer, so that sometimes contracts with the farnieis pn'scrilx 
how many beets shall be delivered each week and even how many 
daily All factories, however, are not in a position to ('iifore(» such 
a condition, for the farmci who cultivates liects often suffers gn'at 
hardships and disturbances in his mdustiy 1'h(*ref()re ino.st 
factories require only a certain legiilarity in the delivery of lh(‘ 
beets, while others make no requirements with regard to dc^liven', 
but are compelled to accept the beets when the farmer chooses to 
deliver them. 

Provisions for receiving and keeping the boots nuisi l)t' 
made according to these different conditions. When thodoli\(‘i\ 
is strictly prescribed it is unnecessary to provide spac(‘ foi r(‘- 
‘Ceivirg a large number of beets; place for a few days^ supplv 
is sufficient. When the delivery cannot be so systematic tlu‘ 
receiving bins must have greater capacity. On the contrary, 
where the beet-deli vei'y is quite imrcgulatcd small bins usually 
suffice, for during the harvest period there are sure to ho 
too many beets delivered, and this excess must bo st-orod or 
siloed. 

It is often injurious to have too large a ])laec for receiving the 
beets, especially when they are piled in largo heaps over hydrau- 
lic earners fed with warm water; for the beets kept in this way 
for days or even weeks, and warmed liy the vat)or rising from 
the warn water, become so damaged that they are work(‘d up 
with difficulty and yield a dark-colored juice of diminished sugar- 
content 

The bins, sheds, or so-called beet-collars, tiro either above or 
below ground, and may have roofs or be uncoverctU 

Beet-cellars are without doubt the most practical places for 



THE DELIVERY, RECEIVING, AND STORAGE OF BEETS 6 


receiving the beets, as these can then be unloaded and placed 
in the hydraulic earner without the expenditure of much time 
or labor. It makes no difference with regard to keeping beets 
whether the cellar is covered with a roof or not, as usually they are 
to remain there but a short time, consequently roofs when built 
are merely to protect the woikmcn or draft-cattle from the 
weather When beets are delivered by rail, the side walls of 
the cellar should not be higher than the bottoms of the cars, so 
that the doors can be kept oiicn no matter how they are arranged, 
and the workmen can unload without difficulty In railroad 
delivery it is ^ery con\enient to build bins with side walls of 
old woollen sleepers set on end, the hydraulic carrier being at 
the l)Ottoni in the middle, and tlie lailroad (racks on both sides. 

d h(‘ bieadth of the Inns must lie legulated liy the dilTerenee m 
th(‘ luMglit of tli(* u])p(*i (‘dg(' of the sule wall and the ’watei le\el in 
tlio camel, so that theliottoiii can be built sufhciently inclined for 
th(' liecds to slide into the canu*!’ If, when the covcumig is 
removed, th(‘ luH'ts do not slid(‘ into the' h^diaiilie cairun liy 
th(‘mselv('s, oi with little lu'lp, eonsidcMahly moio labor will be 
i(‘(iun(‘d Such constructions are unpractical and uuncuiso factory 
e\p(mses 

Th(' c(‘llais should be locat'd wheie the lailioad cais can n^aeh 
them easily and (piickly, and so situated that tuintabk's can be 
avoided, and the tracks so arranged that full ears coming in will 
not inU'rfere with tho departure of the cmipty oik'H Ih'c^ts are 
almost invariably unloaded with forks Th(i evei-inereasing cost 
of suitable labor foi this woik, disagnM'able as it is when boots 
are dirty, seems to make mechanical unloading advisable As the 
piescait types of railway cars have to bo used, all that is nc'cessary 
are tiiiping (hwicc's moved by hydraulic power Many of these 
machine's m present use in factoru's are rather costly and do not 
meet all recpiirements A good dumping machine ought to unload 
beets (piickly and directly into the canals without any manual 
labor. Nets are also recommended for discharging beets, large 
enough to take up the whole load out of tho car at once 

A very important matter to be attended to at the time the 
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beets are delivered is the determination of the adhermg soil. 
Sometimes the amount of dirt is simply estimated, but it is prefer- 
able to make a direct determination, and in this case sample-taking 
is an important operation. The best method is to take out, by 
moans of the beet-fork, in a definitely prescribed way, 50 or 100 
pounds of beets from each car, and then determine by scraping, 
brushing, or washing the amount of adhering soil as well as the 
weight of the heads which are cut off As it is impossible to 
expect to obtain an absolutely correct average detenniuatioii by 
taking a sample for analysis, which represents only about I of one 
per cent of the total car-load, it is nou stiange that such determi- 
nations sometimes lead to unpleasant disputes between the factory 
and the farmer. In order to avoid these misunderstandings as 
much as possible, it is well to have the sampling carefully chock(Hl 
by the seller or his representative If the determination of 
the soil is made by washing, a deduction of one or two per cent 
should be made for the amount of moisture adheiing to the 
washed boots The heads should be cut off squarely under 
the leaf-base and not paiod off. If the beets have large, giet'ii 
or empty heads, it secuns but fair to cut below tlu‘ base of 
the leaves, as such boots hav(* not boon cultivated with tlu' 
prescribed care, and the green part of the beets as well as its 
hollow head is deficient in sugar and giv(\s an impure juic(' Hirecial 
deductions should also bo made, in all fairness, for froy.cm, rotten, 
or otherwise injured beets, so far as tJieir condition is the fault of 
the contractor. 

Injuries which the beets undei'go in the trans])ortation to the 
factory arc usually borne by the manufacturer. It is important 
to avoid such injuries as much as possible and to handle these 
injured beets so that the injury is not made wors(» The most 
disagreeable foe to bo contended with in the transporUi-tion of the 
beets is the sudden ajipcarance of a heavy frost whicdi not only 
freezes the beets but makes it diflkailt to unload them, as they 
stick together in a hard lump. IVozen beets must bo worked up 
at once, for they decay very quickly as soon as they bocome thawed 
out* Sugar-beets can stand a temperature of about 30® F, C.) 
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Without freezing. At lower temperatures they are frost-bitten^ 
but not thoroughly frozen until the life of the plant-cells has boon 
killed by the action of the frost. Beets which are still in the 
ground and covered by their own foliage can stand quite a hc^avy 
frost without suifenng, being at most but slightly injured by a long 
period of frost, provided they arc allowed to remain m the ground 
until they have completely thawed out again. 

At the same time it is necessary that siudi beets shouJtl be used 
immediately after they are pulled. Ii]\pcrience has shown that 
rich sugar-beets, which usually have a fiinier tissue, are l<*ss afr<‘et-c‘d 
by cold than beets (jonUuniug less sugar and with softer pulp WIk^ii 
beets aio transported in barges, the latter should be as sliallow as 
possible, and not decked over, and the l)eets sb iild lemain in th(» 
baigc's as shoit a time as possible^, because' they l(‘iid to la'conK' 
heaU‘d and uie then liardei to woik, yielding a dark juice* 

The Storage of Beets at the Factory. — He'ets eannejl be 

u.seel immeehatedy afteu then elehvery must be' ,s7e;n/ oi ])lae-e*el in 
lie'aps or silos ''I'he' eheiice eif a ])roj)('i me'thexl e)l stoiage* is iin- 
jioitant, in order that tlie* l)eets shall lose the* le'ast siigai anel llm 
work ot stoiing and taking the'in away be* with the' Ie‘asl e*(>st , 
in shoit, the' whole airange'inent slioulel iii\e)lve as little' <'\[)e'nse' 
as ])e)ssible* 

J)uung the time of stoiage there is lioimel te) be' a ce*itain ameiiint 
of sugar lost by the beets, foi the he'ets i('S[)iu' as long as (lu'V an* 
healthy, anel the sugar stored uj) in them is iise'el up by this U'Hpjia- 
tion 

The strength of the respiration elepeiids upon the le'inpe'i ature 
and the nature of the ):)('e'ts Feir a neirmal re's^iiiatiein ae*e‘e'SH of 
air IS necessary It woulel bei e'rreme'ems, liowe've'i, iei think that 
rcspiiation, and consequently the loss of sugar in be'C'ts, e‘e)ul(l be^ 
avoided by limiting the supply of air; me'tabolisin take's jilae'e* in 
the beets even when they do not take up oxygem from tlie air. 
Anaerobic metabolism then occurs by vvhich the sugar is (*on- 
verted into alcohol and carbon dioxide. 

The sugar-content of beets has no influence upon the strength 
of respiration, but it does affect the amount of active protein; 
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the respiration, and hence the sugar-loss depends accordingly upon 
the condition of the individual beet and, in general, is greater in 
unripe beets than in ripe ones The result of this rosi)iratit)n is 
the conversion of the sugar into caibon dioxide for the most part, 
but other organic substances are formed to sonic (^xtont and rcanain 
in the beet-juice. 

The chief requirement for keeping boots well in storage' is (hat 
they should not be pulled from the ground too earl}', al- all (‘vonts 
not before the middle of October, and that they should bo sloiod 
fresh and uninjured while the weather is as cool as pos^ibh' 
without being frosty. 

Beets seem to keep best in small heaps cov<t(‘(1 willi ('arlh; 
consequently those kept for seed arc stored in this way. Ill is 
method is not employed for stoiing beets at tlu' factory, Iit'causc' 
it requiies altogether too much space and is too (‘xjxaisw'. 

In countries wnth a mild climate large heaps winch art' iincovt'rt'd 
are to be prefcried to all other methods of storagt', Ix'cause (he 
amount of sugar lost is vciy small and the stoiagt' rt'tpiin's hut 
little space and the expenditure of but little labor. As bt't'ts aie 
not injured by tcmpciatures slightly below 32° F., wlu'u ilu'}' arc 
left undisturbed and aie allowed subsequent!}^ to thaw out slowly^ 
only those lying dnectly on the outside of the ht'aps nit' likt'Iy 
to be injured by a short period of frost, and tlu'M' onl} when a 
heavy frost and sudden thaw follow one another (*los(‘I} \\ ithln 

the heaps the cold penetrates but slowly, cvc’ii wlu'u (piilit' s(‘ver(', 
and beets when once frozen thaw out very slowly, so that as a nih* 
they are taken out in an undamaged condition Only Ihosc' I ){•(*( s 

which are actually killed by frost are lost by thawing, foi’ siK’h 
immediately begin to decay In countries whore the clmiatt' is 
generally mild, loss on account of frozen beet-s is so slight us to 
of no consequence compared with the good prcsc'rvation of tJic 
whole by the low and regular temperature in the hoa])s. 

It IS essential, however, that the surface of the heap should he 
as even as possible In proportion to its contents there is h'ss 
surface exposed in a smoothly trimmed heap tlmn in one which is 
not, and consequently the former suffers less from exposure to the 
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weather. Another disadvantage which the uae^n heaps possgi^ 
is that the sharp corners act as chimney s and hel^ 
and moisture. Consociucntly the beets in these little elevations 
arc warnuT and moister l.hau the others and experience more 
aftei growth. WIk'U llu* frost comes, the pc*culitir jihenomenon 
will be noticed that the Ix'C'ts in the highest portions do not 
freeze first, but those in the little hollows of the surface, because 
here the cold air is sucked in. 


It is fixxjiK'nlly n'coinnu'iidcil that the beet heaps bo eoverod 
over with a roof, Ihx^ts k(*pt in this way show a little higher 
sugar-coutt'nt than (host' which are Ic^ft uncovcnxxl, but they 
<lecr(*as(' moK' in W(‘iglit, so that tlu^ actual loss in sugar is not 
very diffi'Hnit In countiK'S when' IxH'ts arci taxed upon tli(*ir 
A\(Mglit it nia\ 1 h‘ ad\isal)l(' to l)Uild th<' roof, and llunx' is also an 
ad\aniag(‘ to b(‘ aaiis'd in having llu' ground llms ahvays ki'pt 
<h} ami iianl, uliicli lacilitaU'S llu' piling ol Mi(‘ Ihm'Is and cartage 
buck ami lorth. In casi‘ llieie is no ia\ pia(*e(l n]>on tin* Ixx'ts, 
tli(‘ eoht ol Ixnlding nxifs and k('{*ping I hem in ri'paii vill not bi* 
eovcM'd by tlu' incnaisi'd \ U'ld of sugar In localdh’S vvIich' seven* 
and (‘ailN fiosls pn'vail it is m'C(‘ssaiy that llu* li(*aps should Ix* 
eoMUX'd As this ollen has disadvantages and involves consider- 
abl(' i*\p<‘ns(*, il is a common jnacticc* m such ])lac<'S to i>lac(' (he 
bei'ls 111 large pits, or <‘ls(i dig laig(t beet-cellars, which are l)ut 
slighlU \(*ntilated. Tlu'se cellars liavi* jiroved v(‘ry ns<'ful m 
eus<‘s wh('n» (In* Ixm'Is an* placx'd m Ui(*in dry with l)ub litth* soil 
udh('riiig and an* not stonxl tix) long 

Tli(' gn*aU*st fix* of ston'd Ix'cts is h(*a,t, i)ai tienlarly moist 
heat. In snuthein eountric'S, llu*n’foi(', where the elmiate 
remains warm throughout tlxi sugar-making ]x*riod, it is evident 
that Hloragx' of lln* lx*ets should Ixj avoidi'd ns much as possible. 
Ihit ev(»u in kx'alities wherti tlui teinpi'ratun) is modc'rate or oven 
cold, it is possii)le for the beets to beeome heated more or less 
strongly, by tlu' heat of respiration, at placets in the h(‘aps or 
store-houses where the movement of the air is rcsstricted so that 
they are not cooled off* This trouble occurs when there arc large 
quantities of adhering dirt and when many leaves and weeds arc 
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stored with the beets Those places become most heated where 
the beets fall as they are thrown in, and where the dirt collects 
and forms a mass with the weeds which adheres to the beets. 
It is advisable, therefore, to watch the temperature by inserting 
thermometers As soon as the heating b('comes permanent, the 
beets affected should be worked up iminc'diately, if possible. 

No matter how the beets aie stored, tlu^y are ci'rtain to sufTer 
more or loss change m weight, usually a loss Only those* which 
are affected by rain, danipiu\ss from the earth, or by wat-er 
evaporating from the bec‘ts at the* bottom of the heap, iiicr(‘as(* 
in weight, and this is noticed in particular whem they 'have b(M*u 
pulled and transported in diy w(*ath(*i\ In all othei cases boots 
decrease in weight This loss in weight is gi*eater in proportion 
to the wetness of the weatlier dm mg the time of harvesting and 
storing, to the coiniileteiu'ss of tlu' Kmioval of the atmospheiic 
moisture, to the vainith Avithiu the heaps, and to the extent to 
which they aie ventilaU’d 

The loss in wc'ight is great(‘st in c(*lhiis or heaps vhieli aie 
ventilated and roofed o\(*r, and amounts to from 5 to 10 ])ei 
cent of the oiiginal weiglil In imcov(M(*d heaps uhleh arc* nut 
artificially ventilated ilu'K* is ('itlu'i no noticeable change* in 
weight owing to the action of tin* \veafli(*r, or tlic*ie may la* ev<‘n 
a slight increase in Aveight In large* lu'aps cove’red ov('i with 
earth there is always a loss amounting to about five j)(*r ci’iit 

The sugar-loss which tin* stor(*d be(*ts uiuh'rgo is gieater tin* 
higher the tempc'ratuH*, the gr('at(*r the Iminidity (‘hang(*s, and 
the more the ventilation In d(‘t(‘rmmmg the loss of sugar dm ing 
storage, it is alisolutely iK'cu'ssaiy to takcj into eonsideratioii lh<* 
change in weight which the be<‘t.s have* undc'rgoiK*, or the con- 
clusion drawn may lx* mislc'ading Tlu^ actual sugar loss in a 
mild climate with an avc‘rage t(*ruptu‘ature of about *10® F. during 
storage from tin* end of October to Oc'coinber amounts per day to 
0.010 to 0 011^ per cent, in largo uncovor(*d heaps, 0 012 to 0.017 
per cent in ventilated heaps, and 0.019 per cent, in largo heaps 
covered with earth. 

The figures given above wore obtained from observations 
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made with uninjured beets. Injured beets from which the tails 
have been broken off or which have been hcuiclcd too nmeh, and 
in loarticular those beets which have boon wounded by the prongs 
of the fork or by the knife, will show a mucih greater sugar loss. 
They also suffer much more from the infliuuiee of mould and 
diseases caused by phowa, rhizodonut, and fidvroUmaf which some- 
times ravage stored beets. At the infected i)lac(‘s, the flesh of 
the beet becomes black, and th(' rotting pc'iudraUss, in a short 
time, deep into the interior, so that the bcnits become rotten 
within a few w^eeks F^resh boots liarvcvsted from moist soil 
usually prove more resistant than b(‘(‘ts which have Ix'come 
wilted by prolonged drought on tlu^ fi(‘ld bc'foro harvesting. In 
the last eas(^ nearly all of tlu' Ix'els art' considerably injun^d on 
account of the difficulty in jiulling tht'in out of the ground; 
and, thert'forc*, doubly damagt'd 

If the beets grow during tlu* tune of storage, it is always a 
sign that they vere hud away wht'ii too w'aim and too moist 
The formation of sprouts, th(*it‘toi(‘, is to 1)<‘ tiact'tl to an incieased 
life-activity, which is naturally coniK'cted with a strongiu rt'spi ra- 
tion, with a gi’('at(!r change in substanct', and a gr(*at('r loss m 
sugar In th(‘ spi outing itst'lf theu‘ is only a slight sugar loss, for 
these offshoots w^eigh but httlc' compari'd to the whok' Ix'i't, ('V(‘U 
wlic‘11 they hav(' been foimed to a considi'ralile ('xtcnit, and tlu'. 
sugai which tlu'y contain amounts to only tliK'c or loer pov 
cent (sugar and invert-sugar) 

The temperature of the stoied beets (h'pc'uds chii'fly upon that 
of the outci ail. ICvcry lasting change m th(' UunpiMaturo of the 
atmosphere makes itself felt within the heap and cidlars, naturally 
the change taking place more quickly m the uni'overed heaps 
than in those which are covei’ed, and most quickly in places ex- 
posed to the weather 

Inasmuch as heat is evolved by the respiration of the beets, 
it follows that the temperature within the piles of boots is greater 
than the average outside temperature; this difference in tempera- 
ture of course depends largely upon the amount of ventila- 
tion- 
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During the storage of beets there is an increase in the amount 
of organic non-saccharine matter present in the juice, because 
sugar is decomposed most, and furthermore certain insoluble 
portions of the beet are transformed into soluble non-saccharine 
matter which cannot be removed by the processes of sugar- 
making. 
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TRANSPORTING AND WASHING THE BEETS. 

Conveyance of Beets from Storage to the Factory. — Formerly 
beets were transferred from the places where they were deposited 
to the washing-machines by means of a cable system, wheel- 
barrows, or by baskets, but at pioscnt the practice of using a 
hydraulic earner has b(‘come aliuost univt'rsaL As has already 
been mentioned, thiscaincr is placed in the middle of the storage- 
place, so that by means of properly arranged inehnetl jilancs the 
beets aie dropjied into the stream of water with th(' exjiendituro of 
but little manual labor These inclined ])lan('s aie ])Uilt cither 
solid or as a grating Tn the latter case, a good d(‘al of the dry 
dirt which adhered to the beets m tlie foim of soil lends to drop 
through on to tliegiound beneath, so that the hy<liaulic earner will 
contain less dirt, and less of it will r(‘ach the settling-tank 'This 
latticed platform is onlv advantageous, howc'vc'r, wlu'ii tlu' settling- 
tank IS small, and whern tlu^ dirt can 1)(' nuidily lemoved from 
beneath the latticework In wet wc^atlier, mon^ovei, the mud 
adheres firmly to the beets and sto])s up the spaecjs between the 
grating, so that when the beets arc tlu^ diitu'st, all of the dirt will 
be transferred to the carrK'r, consc(iuently thes(' latticed jilatforms 
can usually bo dispensed with 

''Fhe hydraulic carriers are usually laid at th(' place where they 
are to be used, and are as a rule made of brick or conc.nd^c, smoothly 
finished on the inside, although gutters of cement or iron arc used 
to some extent, particularly the last when the carrier is movable. 
Its vertical or inclined walls are at least 20 to 25 inches high, the 
bottom is rounded, and the width is from one to two feet according 

IS 
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the warm water there is bound to be a certain amount of sugar 
lost, although this loss is usually very small. As an average of a 
great many experiments, it has been found that for 100 parts by 
weight of beets carried by water through a channel about 240 
yards long the loss in sugar will be* 

with sound beets and warm water (105°-115®F.), (40°--46° C ), 
0 02% to 0.03%, on an average; at the most, 0.05%; 

with frozen and injured beets and warm water, 

0 1% to 0.57%, varying according to the amount of frozen 
and injured beets present. 

Under ordinary conditions, therefore, the loss in sugar is but 
slight, and will not be noticeably lessened by making the carrier 
shorter or using colder water On the other hand, the amount of 
sugai dissolved out of frozen beets depends to a considerable 
extent upon the length of the earner and the temperature of the 
water. Hut since it is very difhciilt to float muddy beets which 
are frozen togothei by means of cold watci, warm water being 
required to thaw them and loosen the dirt before they can be 
tiansj)ortcd in the canier, it is evident that the loss of sugar must 
be regarded as una\oi(hible ConM'<iiiently the use of cold water, 
which has been soimd-iinos n'conunended, is untu’cehsary in the 
case of uninjured beets and iis(‘less in the case of frozen ones 

Dining the time that the l)(*(‘ts remain in the watei, both in 
their transport to the factoiy and their washing, tliey take up a 
ceitain amount of water and gam in \v(‘ight, and of course this 
gam is more noticeable in the cas(» of diy and wit;h(»red beets than 
in the case of fresh ones, ''fhe increase' m wtMghl., liowcver, rarely 
excee'ds i% to 1% 

A contawance which is very dosiralile and which may be placed 
m the channel just before the outlc't is the sand and stone- 
eliminator. For this purpose machines of various dasigns have 
been constructed. Stones and sand are cither removed by 
placing a grating at the bottom of the hydraulic carrier above 
which the beets float by, and from beneath which the deposit 
is shovelled away from time to time; or they sink into a deepen- 
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to the amount of beets to be handled There is a groove on its 
upper edge in which is placed a covering for the channel made of 
wood, sheet iron, or iron grating. With regard to the fall which 
the water in the stream should have, it is impossible to prescribe 
this for all cases. As a rule, the water should have a fall of from 
0.1 to 0 15 inch per foot in the straight portions and from 0 1 5 to 0 20 
inch at the curves The dirtier the beets, the more sharp sand 
and stones this dirt contains, the more sprouts the beets have, and 
the more careless the farmer has been in removing the leaves and 
weeds, the greater the waterfall and amount of water which will 
be necessary 

In Older that the carrier may work well, especially when it is a 
long one, it is nccessar}^ that the beets should be lutched into the 
stream at one place, and that the flow of water should not be 
stopped during the passage of the beets If the water at the out- 
let cannot run off freely, it is necessary that the siphon arrange- 
ment should be capable of taking away the water, even although 
intermittently, so quickly that the water m the channel does not 
become dammed up Every time the stieam of water becomes 
dammed there is a stoppage of Ijcets as well as stones and sand, 
and some time elapses bcfoic the earner acts normally again. 

The water-supply required to operate the cairiiT depends in the 
first place upon the quantity of beets which it is to cany Less 
than 70 to 100 cubic feet pei minute should never be allowed. 
Ordinary factories usually use from 140 to 175 cubic feet per 
minute; larger factories use more correspondingly, especially 
when there are two carriers. More water will be used, however, 
in proportion as the stream is wide and the fall of the water is 
slight. If the supply of water at the factory is limited, therefore, 
it is particularly important that the width of the stream and the 
waterfall should be carefully regulated. The water used in the 
carrier is usually from the hot wells of the condensers. If this 
water is to bo used again for factory purposes after it has cooled, 
it is necessary that it should stand some time in a settling-tank, 
in order to remove most of the dirt taken up from the beets. 

During the time, whether long or short, that the beets are in 
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ing in the carrier from which an upward current of water carries 
the beets along There arc also contrivances which remove the 
floating, lighter particles, such as leaves, straw, wood, and wc'ods, 
but these devices require a uniform current in the carrier aiul 
careful attention. 

If the beets are not stored in cellars which providt^l with 
hydraulic carriers, the tramportation of the stored hvds to th(‘ 
washing-machines is usually effected by meiins of a poi’tahh' 
railway. In order to cheapen removal from the ordinary heaps 
and silos, it is well to make use of portable hydraulic* carricu's 
which can be moved on rollers or trucks, when ihci ground pc'nuits, 
so that the beets can be readily thrown from the lujaps into the 
carriers 

The warm water can best be brought through op(*n (diannels. 
Pipes are not only expensive, but stones are hkc*ly to stop 
them up 

Washing the Beets. — The beets after reaching tlu* factory at 
once enter the washing-machines if these arc at low (‘iiough 
levels, or are raised to them by means of suit.nbk* arrange ‘incuts 
(buckets, lifting-wheels, screw conveyors, or chain chwators) citlnu* 
with or without the water. 

As such apparatus becomes more or less worn from usages 
it has recently been recommended to employ (‘omprcs.si‘(I air 
in a similar way as in the case of the so-called inanuneitli piinipH 
for raising water The contiivancc consists of a wiele* lT-shape‘el, 
bent tube of which one aim is 1 5 times as long as thc' otlu*r. 
The beets flow into the shorter arm together wit-h wate‘r from the 
earner, and the compressed air in the lower jiart of the lemgcu* 
tube makes the whole mass specifically lighU'r, so that it risen 
in accordance with the principle of communicating tube's, Watt'r 
and beets flow upward into a spout and from this into the 
washing-machine. To prevent the tube becoming stoppc‘d up 
with sand when not in operation, a valvcj in the longeu* arm is 
then closed, the mass in the short arm is kept in motion by a 
small amount of compressed air. 

Before entering the washer ^ the beets should bo freed from 
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the carrier-water, in order that the dirty water shall not con- 
taminate the clean. It is true, however, that impure water is 
often used for washing the beets, for example, the water which 
has run off from the diffusers and from the chip-presses, .or 
filtered condenser water, but where there is a plentiful supply of 
pure warm water it is best to use it, as unclean water in the 
washer is often the cause of objectionable irregularities in the 
diffusion, and the beet-juice is likely to become contaminated. 
Invariably, under all circumstances, the beets should be finally 
washed off with clean water, and where the beets are washed 
twice, the second washer should be fed with pure water 

For washing it is preferable to make use of long agitated 
washers with places for laige stone traps Drum washers are no 
longer used on account of their inefficiency. Recently vertical 
washing-machines have been recommended, from which the beets 
are laisod by a scfi'ew These aie claimed to possess the advan- 
tage of completely removing the stones, straw, leaves, and in 
fact all undesirable impurities, but up to the present time they 
have been but little used in practice A special contrivance on 
the screw conveyor for the beets works in a similar way to this 
washer in removing stones. Under the conveyor at the 
bottom thcic is an elevated trough, at which point the spirals 
arc replaced by some stirring arms. The stones fall between 
these arms to the bottom and' aie lemovcd by a conveniently 
placed manhole. 

Since the beets have been freed by the hydraulic carrier from 
the greater part of the mud which adhered to them, it is evident 
that the washing-machines do not have quite so much work to 
do as formerly At the same time their work remains of much 
importance for the succeeding operations, especially m preventmg 
the choking the teeth of knives and facilitating the preparation 
of good chips. Washing, therefore, serves chiefly to remove the 
last traces of dirt and the stones. The first is accomplished by 
causing the beets to collect in the front part of the washer so 
that they are obliged to rub up hard against one another In 
the neighborhood of the stone-eliminator, however, there must 
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not be too many beets, or the stones will not settle so quickly. 
In order to accomplish these ends, the principle to follow is to 
have the throwing-out arrangement of the stonc-climinator, or 
of that part of the washer, capable of handling more beets than 
are brought mto the washer. When so constiucted, washers 
work satisfactorily, otherwise the results are never so good. 
Arrangements by means of which the lower mud-holes open and 
shut automatically at definite intervals, are desirable, as they 
make the process independent of manual labor. 

The Stirling arms of the washer are usually made of wood 
and are frequently so arranged as to partly stop the progn'ss 
of the beets. They arc sometimes Ilutcd so that they rub against 
the beets more, or provided with finger-like side attaclunonts 
which collect weeds and leaves. 



CHAPTER III. 


WEIGHING AND SLICING BEETS. 

The beets arc carried from the washing-machines by means of 
an elevator (biiekot, chain, or link) to the collecting-bin. As beets 
wore foimerly taxed on their weight, great stiess was laid on 
draining them as much as possible before weighing. Nowadays 
less attention is paid to this point, but this is not right, inasmuch 
as the water adh('ring to the beets contains a great deal of mud, 
vsand, and hactt'iia. The sand tends to choke the teeth of the 
knife-blades and <*iitting-platcs, and eventually passes through 
the dilTusers into the mud-pits, which require continual cleaning. 
The amount of inicioorganisms present during the diffusion 
pio{‘ess depends on the quantity of water adhciing to the beets; 
their activity sometimes becomes noticeable and may increase 
greatly. 

''riiere are nunic^roiis and various contrivances for weighing beets, 
A great many factories do not weigh the washed beets at all, but 
consid('r the wcMght taken at time of purchase as sufhcicnt, making 
deducdion for tiu* adhciing dirt, or else determine the weight from 
the contents of the diffuseis Both methods are thoroughly 
unrelialde and should be discarded, for when the weight of beets 
IS not known accurately, the first and chief icqiiirement for the 
control of sugar-yield is wanting Consequently every properly 
conducted factory should accurately weigh the washed beets. 

As it IS usually difficult to obtain trustworthy weighers, auto- 
matic wtdghing-niachines are obviously best, and there are a num- 
ber of these which are perfectly reliable There are,, however, 
methods of chocking the weights taken by ordinary scales with the 
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requisite precision, so that the latter, owing to their incxpensive- 
ness, are much in use 

The beets fall from the weighing-hopper either directly into the 
slicing-machine, or into a collecting-bm from which they are raised 
to the sheer by an elevator. Where space and height are available, 
the former method is preferable, for it is easier to keep the hopper 
over the feeding-discs full than when the beets are delivered into 
a less readily accessible hopper the inside of which is nut visible. 
In order to feed the sheer regulaily when an elevator is iisi'd, it has 
been suggested that the loading and unloading of ele^'ator and 
sheer be made simultaneous by an (doctric controller. 

Slicing the Beets. — For slicing lieets into ’'‘schnitzids,^^ or 
chips,” beet-slicers arc used, based on the well-known con- 
struction of a horizontally revolving cutting-plate Paii.icular 
stress is laid upon a caicful mounting of tlu' macliiiies so that the 
cutting-plate runs pcifcctly There is a c(‘ntrifugal sii(»(‘r inadi' on 
a different principle which has not eorne into any (‘\ti'iuU*d use in 
the industry Recently a rotary drum slici'r luih been invented 
in which the knives aic placed on the circunifeienci' of a tlruin 
which turns on a horizontal axis The b(‘ets fall through a 
funnel on the side into the drum and are pn'ssi'd against the 
knives by a horn-shaped hook This machine has gn^it cajiacity 
and tnakes very good long slices. The customary hoiizoiital 
machines differ essentially only in size of cutting-discs and ariange- 
ment of hopper 

The cutting-plate must be made of the host cast sti'id and 
carefully finished. Its diameter in Geinian factoruis is usually 
from four to five feet, but in other countries larger j)lat(\s ari^ ofttui 
used, sometimes up to eight feet in diametc'r. The smallm* jilates 
make from 100 to 150 revolutions per minute, wliik' the largi'r 
ones revolve only 50 times or less. In' gimm'ul, it would ho 
assumed that the larger plates, moving slowly, would make bi'ttiu' 
slices than the smaller ones, moving mon^ cpxie.kly; the cpiality 
of the slices, however, depends upon a great many things, aiul 
it is a fact that in some cases more satisfactory slict^s an' obtaiiK'd 
with the smaller plates than with the larger ones. It should 
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also be remembered that the larger machines require more 
time for changing knives and removing stones which get into the 
machine; so that, unless extra machines are at hand, the work 
is likely to become irregular It is, therefore, difficult to say 
what sort and size of plate is the most desirable. 

The driving of the bcet-shccrs is almost always by means of 
belts There are, however, machines which arc provided with 
an independent steam or electric motor. The advantage of such 
machines is that the number of revolutions can bo changed more 
readily, but, on the other hand, the cost of installation is too 
great to permit their general use. 

Above the revolving plate is the cover-piece, the construction 
of which has an important influence upon the capacity of the 
machine Thcie are two types of cover-pieces; one is con- 
nected with a feeding-hopper so that the beets press against the 
cutting-disc by nnisoii of their own weight, the other typo is 
provided with an arrangementi foi exerting pressure. 

In the formci, the annulnr-sliapinl feeding-hopper, which rests 
upon this cover-piece, must b(' made so that the beets slide 
through it without diiliculty and cover as large a poi tion as possible 
of the plate in which the kiiif ('-holders rest In the lower part it 
consists of two concentric jackets, with a bieak only wheie the 
knife-holders are mseited At the bottom, the bieadth of this 
hopper is a little gr(*atei than the Ic'iigth of the knife-holdei s 
It is, however, not correct to have' both jackets of the hopper 
built too high; it is much bc'itor if the inner jacket forms only a 
shallow cap over the centre of the cutting-disc whore the shaft- 
bearing is situated. This cap consists of a conical or smoothly 
rounded cover, usually with sloping sides The outer jacket, on 
the other hand, is at least 1,5 or 2 yards m height, so that there 
is a good-sized hopper into which the boc'ts fall freely and without 
friction to the mass lielow as fast as the beets at the bottom are 
sliced up by the knives. On the inside of the hopper or on the 
inner cap there should not bo anything, such as nuts, bolts, or 
rivets, which nlight interfere with the fall of the beets The 
unimpeded fall of the beets is more important in proportion to 
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the speed of the machine, the number of knife-holders, and the 
capacity of the machine m general. 

In order to prevent the beets from turning with the plate and 
to keep them firmly in place so that they arc properly sliced by 
the knife-blades, stops or counter-knives arc placed in the cover- 
piece close to the plate, so that they come within a few millimeters 
of the highest part of the blades In the case of a small plate, one 
such stop is sufficient. 

The stops are sometimes made movable and hold by stool 
springs or counter-weights. Stones and pieces of iron can thus 
push through and excessive strains, which might cause the 
cutting-plate to break, are avoided. 

For the rapid removal of foreign substances which get into the 
beet-slicei, such as stones, pieces of iron, wood, or (!oke, small 
doors are placed in the outer jack(*t opposite tUevse stojis, and 
over these doors are a number of holes through which st(H*l rods 
can be intioduced. As soon as it becomes evident from a 
peculiar rattle inside the machine that a hai'd foieign sulistancc 
has reached the knife-bladcs, the machine must be stopped at 
once, although often before a piece of iron or a hard stone can 
be removed, the knives or the plate will brc'ak TluncToie an 
extra cutting-platc must always be on hand At all (wmit-s, the 
longer the foreign substance remains, Uk' num) kniv(‘s will bo 
dulled. The obstruction will almost always be lound against a 
stop, and it is removed thiough one of the above-mentioiKMl little 
doors Steel rods arc intioduced thiough the liol(‘s in <)i(l(‘i to 
prevent the beets from falling out, and the fonugu siibstanc(’ is 
usually under the beets lying next to the stop. In case i\u^ stone 
cannot be found hero, one of the knif(*-liolders is r(‘mov(‘(l from 
the plate, and the latter is caused to make one revtiluiion bac.k- 
wards. This causes all the beets and pieties of beets which wore 
upon the plate to fall out through the op<>n door. As it rc*(iuir<?s 
considerable power to make this ba(‘kwar(I nwolution, the inachiiie 
should be fitted with an arrangement for this purposes. There ai'O 
a number of such which arc good. 

The cover-pieces arranged to press the beets down consist of 
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one or several compartments, or channels, running in the form 
of a spiral over the cutting-plate. The beets are fed through a 
common hopper into the highest part of the channel and are 
carried along into the narrower part by the motion of the cutting- 
plate in such a way that the pressure channels arc always kept 
filled with beets as far as the stop. The beets are thus arranged 
in a perfectly fixed position against the knives and a uniform and 
sufficiently strong pressure is exerted upon them against the plate. 
By this means good chips, as free as possible from mush, are pro- 
duced, and the capacity of the machine is rendered much greater. 
A further advantage of this construction lies in the fact that it is 
very easy to remove foreign bodies as they invariably collect at 
the nairowcst part of the channel and can be taken out through 
a trap-door there This door can bo used also foi inseiting and 
replacing the knife-holders. 

The number of knife-holders which arc fitted into the hori- 
zontal plate vanes greatly. Aside fiom the la(*t that a plate of 
largo diameter will require more and huger knifc-holdc'rs than a 
smaller plate, the niimbci of knife-holders in plates of the same 
diameter depends upon whether the constiiiction of the plate 
permits bringing the knife-openings close tog('ther, or whether 
the knifc-holdeis themselves are wide or narrow Most knifc- 
holdcrs arc placed in a plate which is stUMigtlienc'd on ilw untlei 
side, so that at the innei culluig circle the cornets of i\io hohhu’s 
can almost touch one anotlu'r without inateiially lessening the 
rigidity ami strength of the plate. 

For tho plates most used in Gciinany, the knife-holders hav(' a 
length of 11 inches dear and a breadth of lioin to 7 ii\ch(*s 
Whole larger plates arc used, of course larger knife-liohU'rs are 
necessary. The consti action of these knife-hohh'rs varies grt'atly, 
and every year improvements arc recommended 

The chief requirements of a good knife-holder are : 

1. It should bo made of a good, hard material which wears 

away but little and is not easily broken, 

2. It should be of solid construction without any parts 

which are easily worn out and difficult to repWe. 
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3. It should permit the ready passage of the beet-slit 

4. It should have arrangements for unscrewing the 

and setting them at the right height, and be rcr 
easily and quickly from the plate. 

5. There should be an arrangement for placing the 
in the correct position, so that the knife has th 

slope. 

6. The holder should exactly fit into the oiicnaigs 

plate so that there will be no exposed edges or 
at any place. 

If the knife-holdeis fulfil the above requirements, it is a 
of indifference how they are made; the simpler they are, the 
for practical work. Holders which fill some one of the above 
tions particularly well and which are specially praised v'lth 
to that one particular should be carefully examined to see w 
they siitisfy the other conditions as well, which ls frecjiK'ni 
the case. 

For fibrous beets, or to prevent small stnn{vs fioni gettii 
the machine with the beets, guards have bec'ii tried t.hc fron 
of which do not run parallel with the knives, but are ho 
out so that only thin points reach close uj) to the blades 
points are sufficient for holding the Ix'cts, but let the fibre 
particularly the small stones, fall through the openings 
striking the knives. 

The knife-holder must exactly fit into the plate, for 
projection on the side or upon the surfaco of the plate a 
which the beets strike, throws them out of their correct po 
the result being bad slices. ConscKpumtly new knifc'-liolde 
not, as a rule, fit old plates, for the latter arc usually som 
worn away by use. For the same old holders are not si 
for now plates k 

The knives which are used for the smaller plaU's are alw« 
inches long, so that two of them can bo scrowc'tl into one h 
The width of the knife is detorinined hy that of the holder, a 
thickness is from i to | inch The different kinds of knivc 
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in use may be divided into three classes* Dachrippen/^ KSnigs- 
felder, and Double knives 

The Dachrippen, or ridge knives have the advantage of great 
efficiency because the beets arc sliced with a single cut. They 
are made in very dilTercnt forms, the number of the roof-shaped 
ridges varies from twenty to forty to the knife, so that they 
are from -J- to J inch apart, and the slices are of the same breadth. 
They arc made by grinding steel plates 

The Konigsfelder knives make only half a cut at a time. Their 
ridges arc I to \ inch apart. It is much easier to sharpen them 
and they are not so readily covered with fibres as the former. 
They are cither cut from steel plates or rolled from sheet metal. 

If either of the above-mentioned kinds of knives be correctly 
placed ill the revolving plate, only grooved slices will be obtained 
if the beets arc held still while being sliced The correct position 
' of the Dachrippen knives is when all the cutting edges are placed 
in exactly concentric ciicles, while with the Komgsl elder knives 
the cutting edges of all the odd cutting-blades should bo con- 
centric with the grooves of the even ones As a matter of fact 
this correct position is never attained, and consequently there 
will always be found mixed with the grooved slices others of all 
sorts of cross-sections. 

Since it is important for the uniform extraction of the beets 
that the slices should be as uniform in cross-s('ction as possible, 
the so-called “double knives” have come into quite extensive use, 
by means of which triangular slices arc obtained These knives 
arc placed in a holder, or else in two successive holders, in such 
a way that a “Dachrippen” or Konigsfelder knife is immediately 
followed by a straight knife. The first knife makes a triangular 
slice and the next knife cuts straight through and also makes a 
second triangular slice. By this arrangement slices of more 
uniform cross-section are obtained than with any other knives, 
but their shape is less suited for good and rapid diffusion working. 

On the whole it is impossible to recommend unhesitatingly one 
form of knife over another. Equally good results can be obtained 
with all three types if the necessary care is taken in sharpening 
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and tempering and placing them correctly in the holder opposite 
to the counter-blade. The knives are usually sharpened by 
means of bevelling- and sharpenmg-machines, of which there are 
many of suitable construction, but the blades should always be 
finished by means of a fine file in order to obtam a perfectly 
even cuttmg surface 

One of the chief requirements for good shoes is that the beets 
should be well washed and free from stones when they reach the 
beet-sheer This requirement is frequently not met, and where 
complaint is made that the slices are bad it is usually best to make 
the washing better and more thorough rather than try different 
experiments with knives and knife-holders of all sorts. Good 
slices are essential for good woik in diffusion, so that even when 
it IS necessaiy to make costly improvements m the wash-house, 
the cost is usually repaid by the mcreased efficiency of the plant. 

The condition of the beets and their inner structure naturally 
has an important mfluence on the quality of the slices. It is not 
possible even with the best machinery to obtam perfectly satis- 
factory chips from beets with a hard and fibrous tissue, particu- 
larly when they have been pulled after having gone to seed. 
The same is true of rotten beets or those with the meat too 
soft It is also impossible to prepare good slices when too many 
weeds and leaves are mixed with the beets, as there has never 
been any machme invented which is certain to catch these before 
the slicmg-machme is reached The knives soon begin to dull 
and more or less pulp becomes mixed with the chips This 
difficulty has recently become more pronounced because of the 
inability of the farmer to obtain enough efficient labor to clean 
the fields and harvest the crop. 

The beets are discharged from the slicmg-machines either into 
trucks or barrows, or, what is more common, they are carried to 
the diffusers by mechanical contrivances (belt, screw, bucket, or 
the favorite rope conveyors). 



CHAPTER IV 


EXTRACTION OF THE JUICE 

The sugar-beet consists of cellular tissue traversed length- 
wise by vascular tissue and siu rounded at the surface by epidermal 
colls The cells have very dilTcrcnt shapes, varying from globular 
to an elongated form, they are surrounded on all sides by a 
membrane, the cell-wall, upon which the primordial, or proto- 
plasmic, utricle rests, within the latter is found the cell-contents 
and cell-nucleus 

The size of the cells varies greatly, in the round forms, the 
diameter averages about 0 04 mm and the volume 0 000,033 cubic 
millimeters. The walls of the scpaiatc cells grow together and 
increase in thickness as the beet grows The substance thus 
formed is called the intercellular substance On account of 
the different shapes of the cells, the growth of the cell-wall does 
not take place in all places, but a gicat many hollow spaces are 
formed between the cells, the so-called intercellular spaces, 
which arc filled with an 

It is impossible for juice to pass out from a living cell, because 
the protoplasmic utricle is practically impenetrable by the 
cellular juice Therefore, the object of all juice-extraction 
processes is first to destroy the iitnclc, or to so change it that 
it no longer hinders the passage of the juice. 

The destruction of the cells by mechanical means (grinding) 
has long since been abandoned. It is now the general practice 
to take advantage of the effect of heat upon the protoplasmic 
utricle. If the cells are heated to temperatures above 55°-60° C. 
(130°*“140° F.), the utricle is detached from the cell-wall so that 
only the latter surrounds the cell-contents on all sides. This 
wall consists of a very thin and penetrable membrane, being 
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especially ■Chin at the guttated places. The juice can, therefore, 
easily pass out from a cell which is altered by heat or killed, 
and be obtained by expressing or diffusion. 

Therefore, all of the present-day methods for obtaining beet- 
juice first exposes the sliced beets to temperatures of at least 
C (140^-158° F ), and in fact this is usually brought about 
by mixing them "with hot juice previously extracted For the 
kilhng of the cells, it is immaterial whether this heating takes 
place slowly or rapidly and whether the temperature is 70*^, 
90°, or 100° C Hence, the manner and degree of the heating is 
detennmed by other considerations 

A Difpitsion. 

In processes based upon juice extraction by diffusion, the 
sliced beets are first of all heated by means of hot juice, and 
slowly lixiviated with water in a systematic manner It is not 
yet entirely clear as to what takes place in the cells themselves; 
it IS not known whether the cell-wall is everywhere a closed 
membrane, whether it is, therefore, a question of osmotic processes 
in the separate cells, or merely a case of simple lixiviation. 
The fact os that the sugar, although it belongs to the class of 
difficultly-diffusible substances, passes readily and rapidly from 
the “killed” cells into the surrounding water, or into aqueous 
solutions. 

In the beet chips, however, there are only relatively few 
cells at the surface to come into immediate contact with the 
extracting liquid The majority of the cells are in the interior 
and the jmce withm them must pass through other cells and 
through the intercellular spaces, the latter are partly connected 
with one another and form narrow canals m the mtercellular 
substance. Such movements of ]mce m the cell-ducts are brought 
about by diffusion, and foUow the laws which govern diffusion 
processes between liquids, or solutions, that are in immediate 
contact with one another without any separating membrane. 
The rapidity of such a diffusion is dependent chiefly upon the 
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size of the surfaces in contact with one another,. 
of concentration and the differences in the amount of dissmvea 
substance present in the layers of liquid, and finally upon the 
temperature. 

Beside these diffusion processes, which included the processes 
of a more or less osmotic nature that take place at the cell- 
walls, there is, furthermore, a xoashimj away of the cell jmee from 
those cells which were injured during the slicing of the beets. 
Those cells that came into direct contact with the knives are 


left open; the number of such cells varies with the thickness 
of the slices and amounts to fiom two to five per cent, of all 
the cells. The cell layers lying directly beneath arc sometimes 
more or less injured by the pressure, and more or less smashed, 
but most of them remain uninjured. 

Finally, there are substances contained imdissolved in the 
beets, that dissolve more or less quickly in hot watei, during 
the work. In a properly conductetl diffusion process the aim is 
to prevent and restrict all such action as much as possible 

For carrying out the diffusion a battciy of connecdocl lixiviat- 
ing vessels or diffusers is used The numbei of dilTusexs in such 
a battery varies fiom six to sixteen. The smaller number is 
found in the so-called '^shortened or “divided” batteiies which 


arc worked with a very hot and slow current of juice, whereas 
the larger number occurs in those which aie worked at a lower 
temperature and with a moic rapid juice circulation As a rule, 
most batteries in use to-day contain from ten to fourteen diffusiu’s 
arranged in a straight line, and when more than ton in num- 
l)er in two columns foi* convenience of supervision and labor 
The circular diffusion batteri('S, with the slicing-machims in the 
centre, which were formerly pioforred, are not now built in 
Germany, although it is most convenient to look after and feed 
the cells in such an arrangement. The disadvantages are that 
more space is required, and it is difficult, as well as expensive, to 
combine two such batteries with a common arrangcihent for 
transporting and slicing. 

The form and capacity of the diffuser also vary much. The 
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capacity varies from 600 to 2600 gallons, although at present 
capacity of from 1300 to 2100 gallons is preferred. The qui 
small diffusers which were formerly in use in Austria on accoui 
of the government tax levied there (some with only a capacity i 
40 gallons) have been discarded as being absolutely unpructicf 
But, on the other hand, too largo vessels are oftim undosirabl 
particularly when the amount of beets to bo handled clocvi n ) 
correspond to the size of the diffusers an 1 whi'u the slices are no 
very good or too fine. 

The shape of the diffuser should be such as to insure, jus far a 
possible, a good and equal extraction at all place's in tlie difrusei 
but without hindering the passage of the liquor Both require 
ments, however, cannot be met equally well. With n'gurd to th 
shape of the diffuser, first of all tho relation of its diameter to it 
height must be considered. Naturally the extraction of tho boot 
juice IS better the higher the vessel and tho less its diameter Bu 
as the height of the space which is filled with beet-chiiis and througl 
which the juice has to flow increases, the greater the resistance 
which the flow has to overcome Further, wlien the diami'ter u 
small the size of the strainer in the bottom is restricted, so that 
the holes become partly covered with bcet-ehiiis and the pa.ssage of 
the juice is much impeded 

Experiments liave been made to ascertain what should be the 
relation between the height and diameter of the diffuser SjK'ci* 
fications of general application cannot, however, lu* given, for tlio 
resistance to the passage of the diffusion-juice dejM'nds not only 
upon the length of travel in a single diffuser, but also upon the 
number of cells m a battery, upon tho size of the free passage 
beneath the sieve bottom, upon tho tliiclcnoss and character of the 
beet-chips, and upon the way these act during tho diffusion, par- 
ticularly on being heated. The last two conditions arc different 
in every factory and do not remam constant in tho same house, 
so that it is clear that for every change in tho method of work- 
ing quite different relations must be maintained. 

At the same time there are certain principles which should 
govern the choice of most diffusers. With very thin beet-chips, 
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it is preferable to choose low vessels of laigo diameter. With 
thicker slices, the height of the diffuser should be greater and its 
diameter less. For the ordinary methods of working and average- 
sized diffusers, cylindrical vessels, with a relation of diameter to 
height of 1:1^ to I'U, arc usually preferred The ratio 1:2 is 
only seldom met with, for on the whole it is preferable to increase 
the number of cells in a battery rather than to exceed the relation 

lilh 

What has just boon said applies to the vessels which are 
cylindrical from top to bottom. This form, for various reasons, 
has not always been chosen. Experiments, which will be men- 
tioned again later on, have shown that the extraction at different 
places in the diffuser is likely to be very different. It was 
thought that this could bo remedied by changing the form of 
the vessel, and in fact conical-shaped vessds have been devised 
and tried. It is not piobablo, however, that the form of the 
diffuser, unless it is very abnormal, exeits much influence upon 
the juice extraction, consequently such deviations from the 
cylindrical forms have been abandoned. 

The shape of the upper and lower part of the diffuser is con- 
ditioned by the manner of filliug and dischaiging The upper 
pait must be made so that th(‘ slices can be intioduct^d easily 
and uniformly The opening for fillmg and the nc^ck of the 
diffuser should, thciofore, be as laig(' as possible, and th<' conical 
parts connected with it should not bo too fhit 

If the coll is emptied through manholes on the side, the lower 
part is usually eyliudric.al; the lower strainer is then flat and 
is of same diameter as the cell itself Some cells, however, are 
made with the lower part opposite the manholes side rounded so 
as to facilitate the removal of the exhausted pulp. Recently 
diffusers have been built with a mechanical emptying contrivance, 
the lower part of which is shaped like a trough. In the trough 
is placed a screw which pushes the spent chips out through the 
manhole at the further end. The screw is set in motion, as soon 
as the manhole is opened, by toothed wheels that are placed outside 
the diffuser at the further end. In all cases when there is side 
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the sieve should be the greatest possible, and those strainers are 
best which have the largest number of holes or slits of appropriate 
size and yet possess the necessary strength to support the weight 
of the chips 

Formerly strainers were often placed in the upper neck of the 
cell, but have been discarded as not only useless but harmful, 
since, being of small size, they impede the flow of juice just as 
soon as chip fragments from the preceding cells have stopped up 
the holes 

Increasing the water-pressure on the last cell is usually of 
doubtful expediency when the ordinary head between water-tank 
and measuring-tank is increased ovei 30 feet. According to the 
familiar law, the velocity of the flow increases only in proportion 
to the square root of the pressure Moreovei, every time the 
water-pressuie is increased, the pressuie on the strainer is in- 
creased also If the chips aie firm and hard, this does no par- 
ticular harm, but if the chips are sott and fiiu', this increased 
water-pressure is likely to make tiouble. Thoretore this remetly 
fails when it is most needed. 

It IS also wiong to allow a pump to act directly on the dilTusion 
circulation, for besides the excessive pressuie, pulsation of the 
pump acts mjuiiously Cimtrifugal pumps are less objectionalile, 
as the pressure is more even 

Likewise, reducing the back pressure of the measuring-tank 
by putting a pump in the iiipij-liiu' Ix'tweeii the batU'iy aiitl the 
tank is efficacious only in special cases Fuithei, this can mako 
trouble by sucking air into the c('Ils, il th(‘ suction is too strong. 
For the same leason, l)ut moie on account of eompheatioii and 
expense, it is unpracticabhs to put centrifugal pumps on tho 
overflows fiom eveiy cell 

Attempts have been made to relievo the pn^ssure of the chips 
on the strainers by hanging wooden beams or gratings from chains 
inSide the cell, so as to take some of tho weight. This has met 
with some success, but the difficulty of discharging spent chips is 
so increased that these contrivances arc only made use of in 
emergencies, as, for instance, in working up frozen or damaged beets. 
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discharge, it is advisable to provide a valve for introducing 
water into the lower part of the dilTuscr on the side opposite to 
the manhole. Such a valve is opened simultaneously with the 
discharge-gate This washing-out process, however, works only 
when there is an abundant supply of water, so that it is advisalile 
to save the waste water for this purpose, collecting it in tanks 

In the case of diffusers with bottom-discharge, the lower part 
is cylindrical if the gate is of the same diameter as the cell; other- 
wise it is conical, tapering to the size of the gate. The sievt's 
of this bottom-dischaigo type rest on the gate, or in th(j coned- 
bottomed ones follow the shape of the cone. In the latter form, 
it is very effectual to make the holes in the upper part of the 
conical sieve smaller or sj^aced more than in the lowcu* part. 
When the gate is of large diameter, difficulties arc often encoun- 
tered if ordinary rubber rings are used to make a tight joint. 
It is better, therefore, to use rubber hose, so that when the cov(‘r 
sticks, steam or water pressure can bo introduced through the 
hose and the cover raised 

It IS very convenient to have the lower gates arraiigc'd to 
open and close from above. 

Whatever their form, after the cells have beem eonn(‘cto(l 
together to form a cliff iisujti hnitcryj the chief reiiiuienumt is to 
have the diffusion-juice pass thiough as coinpUd-ely and un- 
hindered as possible 

The following means are employed to iiiiprovt* circulation 

1. Increasing water-pressuio on last dill user 

2. Lessening back pressure from tluj nu‘asunng-tiiiik 

3- Increasing diameter of pipes and valves 

4. Removing completely all air accumulated in apparatus. 

5. Increasing the free openings of bottom sieves. 

In most cases the most effectual change is made by enlarging 
the free openings of the strainer in the bottom. It is not sufficient 
to have the area a few times larger than the discharge-pipe, because 
the chips lying directly on the sieve cover or clog up most of the 
holes, especially if these chips are fine or soft. Hence the area of 
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The bad effect of large amounts of air upon the juice 
circulation is explained by the fact that the juice goes from top 
to bottom, while the air tends to rise. Consequently, when a 
large quantity of air or vapor is present, especially when it is 
distributed between the chips throughout the whole diffuser, the 
circulation of juice has to overcome groat resistance For the 
removal of accumulations of air and vapor, blow-off cocks 
may be provided m the upper part of each cell, priiferably 
automatic ones Under normal conditions, when only water- 
pressure is used, blow-off cocks are unnecessary , If the juice m 
the last cell is forced out by compressed air, however, it can 
happen that, through leaky valves, soiru' of the air gets into 
the other cells. In this case, apparatus for autoinaticjally remov- 
ing air and vapors is very useful, likewise when gases are evolved 
from the chips during diffusions. 

Whether the circulation is satisfactory or not, it is advisable 
in all cases to have pressure-gauges at each ovcrllow. By this 
means the pressures prevailing throughout the batU'iy are always 
known, and it can be seen at a glance where the prc'ssure is most 
diminished and hence where the flow is meeting with most 
resistance. 

Pipes and valves of large cross-section are exc(*ll«rit, l)ut in 
many cases their advantage has been cxaggc'iated. If the v(}locity 
of the current in the pqics is not groiitt*r than 1 ] to fi‘C‘t per 
second, there is not much use in enlarging tlnun, for poor pressure 
must then result from other cause 

For warmmg the juice as it passes from ont^ e.ell to another, 
juice-heaters, or ^^calorizators,’^ arc used, or this is offcMded by 
direct steam injection. In general the juitjo-heater is to be pre- 
ferred, for in this case the juice can be heated with exhaust-steam 
at low pressure, so that the process is not so expensive as in direct 
heating, for the latter uses live steam coming chrcctly from the 
boilers. However, the objection which has Ix'cn raised against this 
method of direct heating, that it makes the final juice thinner on 
account of the water condensed in it, has not been verified by 
^experiment. Unquestionably all of the steam is condensed so that 
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the outflowing juice will be diluted, but as the juice meets with 
fresh chips in the last cell and is not warmed subsequently, this 
dilution is not perceptible in the final concentrate Again, it 
should not be overlooked that oven juice-heaters have a bad influ- 
ence on the density of the juice Juice becomes more concentrated 
in the process of diffusion in proportion to the space taken by the 
chips in the cell, and less so in proportion to the space filled with 
juice alone; hence spaces which simply contain juice arc wasted 
as far as diffusion is concerned, and the space taken by juice- 
hcaters must be so considered Moreover, juice-heaters some- 
times have the disadvantage of causing loss by leakage; hence 
this loss IS prevented by direct steam-heating 

In order to economize the steam used in diffusion, warm water 
is often used for obtaining pressure. For this purpose the water 
coming from the condenser hot-wclls or the condensation-water 
from the evaporators is used, or that from special heaters warmed 
by the vapors from the evaporators and hence at no expense 
This water is usually warmed not more than C, 

(100°-120° F ), but can bo hotter, if the coIIh have bottom 
discharge or aie emptied by use of comprcsscMl an 

If the spent chips are not to be dried but immediately used as 
fodder or put in silos, it is absolutely necessary tliat they be cooled 
before pressing, since chips pressed while hot spoil quickly 

In this case two water-pipes arc supplied so that the chips can 
be mashed with warm water and pressed out with cold, and, in 
some cases, finally rinsed with more cold water. 

The Method of Working a Diffusion Battery is diff(*rent in 
almost every factory. The only common feature's in the different 
methods arc the routine, tlie almost invarialde heating of the juice as 
it passes from one cell to the next, and tho manner of circulation. 
The juice runs from top to bottom in all cells except in tho one which 
has just been charged with chips, and which is filled from the 
bottom to expel air. With regard to everything else the process 
vanes within pretty wide limits, particularly as to temperature, 
time of treatment, and density of juice. Since the number and 
size of cells in the battery as well as the properties of beets and 
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chips are very different, it is quite impossible to define any 
standard method of operation Therefore directions applying 
generally can never be given, but only such fundamental prin- 
ciples stated as will help in working out the most favorable con- 
ditions for each factory. 

The first condition for good diffusion work is to have water 
as pure as possible, soft and quite free from soluble impurities. 
Hard spring water retards somewhat the extraction in the last 
diffuser, but is otherwise quite suitable, inasmuch as most of 
the lime salts are removed during the carbonatation. Where 
good water cannot be obtained, the strength and purity of the 
diffusion-juice always suffers, particularly when factories have 
to use purified waste water from the settling-tanks for the 
diffusion, such water a’ ways contains soluble mineral and organic 
matter All these substances are not removed during the puri- 
fication of the juice any more than are the alkali salts in iiver- 
water which has been contaminated with brine and yet has 
to be used in certain factories; they contaminate the products 
of the factory and lessen the yield in propoi’tion to the amount 
of juice that is drawn off, or, in other words, the more water thc're 
is present in the juice. 

If only a limited supply of pure water is at the disposal of 
a sugar-factory, the amount of juice should be kept as sintill 
as possible and the water piping for the diffusion-water must be 
connected by means of special valves both with the pure water- 
pipes and also with the pipes containing the water that is ordi- 
narily used in the factory. The pure water is then used for the 
mashing of the chips, as this water alone gets into the juice, 
whereas the impure water is used for pressure purposes and 
can be removed from the diffusion on emptying the cells. Instead 
of using water, compressed air can be utilized. In the last case, 
the removal of the dry spent chips is attended with difficulty 
except when, in bottom discharge, the lower manhole has the 
same diameter as the diffuser. 

A diffusion which is -satisfactory effects good extraction from 
the slices, and yields juice which is of the greatest possible con- 
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centration. The diffusion process is not, as has already be^** 
explained, and what was first assumed when this method of 
sugar-extraction was introduced, a simple diffusion action, but 
at the same time there is a lixiviation as well. 

Even with very smooth chips many of the plant-cells are 
broken, and the proportion of those broken cells increases with 
the fineness of the chips. With ordinary, more or loss rough, 
chips the number of broken cells is still greater, and from such 
cells the contents arc simply washed away Furthermore, the 
cell-walls and the intercellular substance, as well as certain solid 
substances contained m the cells, arc partly dissolved by 
long-continued action of the water This is particularly true of 
pcctic substances and organic calcium and potassium salts 

While the beet-slices are under treatment in the diffusion 
battciy, three different processes arc taking place simultaneously 
namely 

1. The forcing of juice out of broken cells 

2. The dialysis of the soluble constitiu'iits contained in the 

killed but uninjuied cells 

3. The gradual solution of the difficniltly solul)l<‘ constit- 

uents of the beet 

Whereas the two first pi'ocesscs, particulaily that of dialysis, 
aie designed to take place' during the treatment, the third is an 
injurious side action and should be as much restricted as possible. 
Unfortunately condiUoiis most favorable for diffusion also aid in 
the removal of the relatively insoluble substances 

The dialysis of sugar from the cells takes place more rapidly, 
the hotter and thinner the juice and the finer the slices. It is 
more complete m proportion to the length of process. Working 
slowly at high temperature, thin juice and fine chips arc also 
the most favorable conditions for effecting solution of the com- 
paratively insoluble cell-substance. 

It is ever the business of the sugar-manufacturer to consider 
carefully what conditions are most favorable for greatest sugar- 
yield. At the same time he must remember that certain procedure 
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and conditions are mutually dependent Thus, for example, the 
time of diffusion can be shortened by working at high temperature 
or by stronger circulation, but, on the other hand, working at a 
lower temperature is permissible if the time of treatment is length- 
ened or the slices are cut finer. 

If it were possible to carry out the diffusion process with smooth 
chips of about the size and shape of linen thread, an almost ideal 
extraction would bo effected, for the whole action would bo com- 
plete in a short time. In that case only small vessels would bo 
required, and there would be much less dissolved from the cell- 
walls and their relatively insoluble contents, and, moreover, the 
juice would bo highly concentrated. 

Unfortunately it is not possible to prepare such chips, and if 
such fine slices were exposed to treatment in the diffuseis, they 
would not permit the passage of a sufficient current Most 
factories cannot cut durable slices of a thinness of 2 mm , or 
any kind of smooth slices of unifoim cross-section. The longlh 
of time required for the diffusion must bo regulated by the 
time required to extract the sugar from the thickest chips The 
greater the amount of the latter, the longer the timo reciuiri'il 
for the process to obtam a good average yield of sugai, other 
conditions being equal The thinner chips are almost completely 
exhausted, and from their cellular tissue consideralile non-sugars 
aic dissolved, while the thicker chips still contain considerably 
more than the average amount of une.xti acted sugar 

Hacked or mushy chips, when extracted to the same extent, 
give a juice which is not inferior to that obtained from firm and 
unifoimly thick chips; at least, the contrary has never been 
proven The inferior quality of juice which may be obtained 
from mushy chips must, therefore, be alone attributed to an 
uneven extraction. To how great an extent this takes place, 
and whether it is detectable in the diffuser juice or even in the 
purified juices, has never been settled Since, however, bad, 
mushy chips can impede the flow of all the juice, oi at certain 
points where masses of poorly extracted material occur, the aim 
should always be to prepare as good chips as possible. 
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With regard to the temperature cf the juice in the battery, the 
upper limit is determined by the temperature when the chips 
begin to soften, or, as it is called, when they arc scalded* Scalded 
chips lie so closely upon one another in the diffusers and upon the 
lower strainer that the stream of juice runs extremely slowly. This 
temperature at which the chips become soft vanes with different 
beets. In general, it appears that freshly harvested, ripe beets 
can stand a higher temperature without injury than beets which 
have been stored, at all events, the fertilization and weather 
which the beets have experienced in their growth plays an important 
part. With sound beets the temperatures m the hottest calo- 
rizators can reach 75° to 80° C (167° to 176° F ) with safety, and 
without running any risk of overheating them It is worth men- 
tioning, however, that the temperature prevailing in the diffusers 
is always a few degrees lowei than that shown by the thermometer 
in the overflow-pipes No bcct-chips can stand a temjicraturo of 
90° C (194° F ) without becoming soft Naturally a good deal 
depends upon the length of tunc that the chips arc oxpos<'d to the 
action of the heat, so higher tempeiatiues can l>e used when the 
contents of each dilTuser aic changed frc<]uently than when the 
work goes slower 

In working up unsound lieets (i e , those wdiich ha^'c been 
frozen or arc somewhat decayed), the application of higli tem- 
perature IS altogclh(‘r out of the ([iiestion, for tlio chips fiom such 
beets, so far as actual chijis can be made from thi'in, aie originally 
very soft, and become still softer at a relatively low temperature 

The temperature of treatnuuit is also different in a long battery 
than in a short one, and wil.h batteries made up of small colls than 
with large ones. The shorter the l)attery and the smaller the indi- 
vidual cells, the greater the number of them which can and must 
be maintained at the highest tcmperatuie, indeed even the 
pressure-water must be quite hot. The fundamental principle 
must be to bring the chips as (quickly as possible to a high tcin- 
peratuic; for the cell becomes “kilkHP' only at temperatures 
above 60° C. (140° F.) and any bacterial action ceases at high 
temperatures. It is possible, when the work is carried out 
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2. Plants with long batteries of 12 to 14 cells, each with a 
capacity of from 50 to 100 hectoliters (1300 to 2600 
gals.) The chips must not be too fine, but as uni- 
form as possible; the temperature must be high in 
the first cells, but fall more in the last than in the 
former case, the pressure-water should be cold or 
only lukewarm, the time of working should be from 
li to 1| hours, the diffusers changed less frequently 
and the rate at which the diffuser-juice moves should 
bo slower than in the previous case The amount 
juice drawn off can be diminished to about 100^< of 
the feeding 

3 Woik with a short battery of 6 to 8 large cells The 
chips should be as in Method 2, the temperature 
throughout the whole battery as high as possible, 
the pressure-water waim, the duration of the diffusion 
shorter than under Method 2 (about H to 14 hours), 
and the diffusers should be changed even less fre- 
quently, the rate at which the juice moves should be 
slower, but the amount of the juice should be a little 
greater 

If the size of the batteries in a given factoiy is taken into 
considciation, it will not be difficult to (letermine fiom the above 
three typical methods of working how to run the factory to 
the best advantage, in order to obtain juice as concentrated as 
possible and a good'cxtraction of sugar from the beets. 

How far the extraction of beet-chips should be carried depends 
on circumstances If the battery is comparatively small and the 
quantity of beets large, it would not be right to attempt to get 
high juice-cxtraction at the expense of time and labor for treating 
the increased volume of juice; for the gain in sugar would be fully 
covered, if not more than balanced, by the smaller daily output, 
by the sugar-loss of the beets in storage, and the increase in coal 
consumption made necessary. If, on the other hand, the battery 
is especially large, it would not be good practice, when working 
under constant conditions of juice-extraction, to fail to increase 
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properly, to reach a temperature of 70“ to 75° C. (158° to 167° F.) 
in the second diffuser, the slices attaining this temperature in 
about ten minutes. 

In order to obtain juice of the highest concentration, which 
must always be the aim, as well as to obtain a good extraction, 
the slices must be surrounded during the whole process with 
the least possible amount of liquid. The concentration of the 
diffusion-juicc at the same rate of discharge, and with otherwise 
similar conditions, will be greater in proportion to the weight of 
chips contained in the diffuser, or the so-called feeding- 
capacity.” Ordinarily this is referred to every hectoliter (26 4 
U. S gallons, or 22 imperial gallons) of capacity. In this respect 
the larger vessels always have a certain advantage over the 
smaller ones. By '^ramming,” 55 to 60 kilograms (120 to 132 
pounds) of chips can be placed in each hectoliter of space, while 
in the smaller diffusers, particularly where the work is carried 
on rapidly and there is no time for ramming,” frequently only 
50 kilos arc placed in this space. Evidently the nature of the 
chips will play an important part in the filling of the diffuser, for 
thin chips and those which are from fresh beets will lie closer 
together than thicker ones and those from dried-up and withered 
beets. 

From what has been said, the following typical methods of 
working can be distinguished which, according to the local con- 
ditions, have their advantages and disadvantages 

1 Plants with the longer batteries of 12 to 1 1 cells, of which 
10 or 12 are under pressure, with a small capacity of 
20 to 30 hectoliters (500 to SCfO gals.). The chips 
must bo very fine, the temperature maintained in the 
entire battery up to the last coll must be as high as 
possible, using warm pressure-water, and the dura- 
tion of the diffusion working must be short, about 
1 to li hours; the change of cells should be very 
frequent, and the circulation rapid. The amount 
of the diffusion-juice delivered will be somewhat 
la-rgcr than usual. 
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the sugar-yield by using the most appropriate temperatures and 
treatment, through fear of the juice from the last coll becoming 
impure enough to injure the yield. 

While this latter notion is widely prevalent, it is only worth 
. consideration m special cases, as when workmg up decayed or 
frozen beets. 

With sound, npe beets it is true that the undefccated juice 
from the last cell often has a very low purity, for the water 
dissolves, according to the nature of the beets, more or loss non- 
sugars, particularly the parapectinatos, in the form of lime and 
potash salts, but the calcium pectinates are precipitated by defeca- 
tion and carbonatation, and the potassium salts are converted 
into potassium carbonate. The sirup from this purified 
juice after proper neutralization is readily gramed so that sugar 
can be profitably made from it with no increase m cost of labor or 
coal. The alkali carbonates and the alkali sucratos which are 
always present to some extent in the defecated and carbonatated 
after-jmccs obviously must bo cautiously neutralized if these juices 
are worked up by themselves. When worked up with the rest of 
the diffusion-juico, as customary in factories which extract the 
beets veiy thoroughly, they do not act injuriously but favorably, 
because the thin juice usually contains calcium salts which unile 
with the alkaline carbonates to form a precipitate of calcium 
carbonate. If such soluble calcium salts arc not present in the 
juice after it has been defecated, then the caibonatos of the alkalies, 
and especially the sucratos, must be changed to alkali sulpliites by 
thorough saturation with sulphurous acid 

With regard to the limit to which the juice-extraction may be 
carried, it should be noted that the chips, as has already been 
mentioned, are extracted to different extents in diiforcnt parts of 
the diffuser, and that thicker chips arc extracted less, both as to 
the sugar and the non-sugar, than thinner and pulpy ones. As to 
the extraction in different parts of the diffuser, the results obtained 
from experiments have not boon altogether concordant. On the 
whole, it can be said, as might bo expected, that the amount of 
sugar retained by the pulp is greater, the lower the chips are in 
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the diffuser, so that the chips in the vicinity of the strainer con- 
tain at least 0.1 to 0 2 per cent more sugar than those at tho top. 
If the strainer is conical, as the case with diffusers which dis- 
charge at the bottom, the extraction in tho middle of this conical 
part is likely to be very deficient in case most of the juice runs 
through the upper holes of the strainer In large diffusers with 
the cylindrical part surmounted by a flat top, a high sugar- 
content IS sometimes shown by the chips which remain in the 
upper corners All these differences in the extent of extrac- 
tion are of not much significance if the chips are as a whole very 
thoroughly exhausted, but they are worthy of more considera- 
tion when the entiie extraction has been so poor that the chips 
on an average ictain 0 5 per cent or more sugar This fact 
also aigues that the extraction should be made as complete as 
possible, because only then does the actual sugar-loss correspond 
to that found by rescaich expeiinients. 

In judging the extent of the extraction, it must not be forgotten 
that in tho rc'moval of the spent chips the use of considerable 
wash water may cause a further lowering of sugar content, so 
that the sugar in tho discharg(‘d chips is l(\ss than that of the chips 
in tho diffuser In estimating the sugar losses, thcj laig(' amount 
of this waste water must be taken into consid('ration On the 
other hand, when the diffusei is discluugc'd by compressed' air, 
the sugar-content of the chips is invariably grc'ater 

Sometimes, in spite of good chii)s and coiiect piocedure, 
an unusually high sugar-contimt will bo found in the (extracted 
chips In such cases, tho nu'thod of analysis shoidtl be changed, 
cither by using a larger amount of lc‘ad acu'tate, or making an 
alcoholic extraction If thc^ apparent liigH sugar-content is not 
explained in this way, then a double polarisation of tho alcoholic 
extract must be made 

The juice-extraction, or the amount obtained from 100 kilo- 
grams of the beets, is despondent on the method of working. Before 
mci easing this amount, in case tho oxtraetion is insufficient, the 
attempt should first be made to improve tho process by heating 
up the last diffuser to a higher temperature, or by improving 
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the filling of the cells, while keeping the same rate of juice- 
removal 

The measurement of the amount of juice drawn off is usually 
effected in an open juice-heater The height of the juice in the 
tank IS either determined by an ordinary float or by an automatic 
apparatus with a signal attachment This measurement, however, 
must be regarded as very inaccurate, or at all events insiiffieicnt 
for obtaining accurate data. Sufficiently accurate figures can be 
obtained by measuring the juice in a tank with an overflow, and 
this tank, after each filling to the overflow-point, must be com- 
pletely emptied The capacity of the tank is determined by 
weiglung the amount of water which it holds. If the overflow is so 
arranged that it can be^easily raised or lowered, so that the amount 
of juice removed can be easily legulatcd, surffi a measuring-tank 
will fill all requirements, and the use of automatic mcasuiing- 
appliances, of which there are many of satisfactoiy construction, 
IS unnecessary. 

Frequently the juice from each extraction is tested by the spindle, 
and if care is taken to have a good average sam]ile, such a tost is 
of great value If, on the other hand, it is desired to regulate 
the amount of juice drawn off according to the density of this 
sample, taking more in case the density is high, and less if low, 
this idea does not seem to be a good one It is superfluous in the 
first place, because the beets arc already well mixed in the sheer, 
and the chips likewise are so well mixed that the individual feedings 
of a diffuser during the day cannot vary appreciably in sugar- 
content. Consequently the density of the juice will not differ 
much if the cells are fed alike. Furthermore, the density of the 
juice and the extraction of the chips depends upon so many condi- 
tions other than on the amount of juice drawn that any attempt 
at regulation often causes more harm than good, even if certain 
cells actually do contain amounts of sugar different from the 
average. It is best, therefore, to change the amount of juice 
drawn off, only when the sugar-content of the exhausted pulp is 
abnormal and cannot be improved by other expedients. Such a 
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regulation is only necessary after considerable intervals of time, 
and the ordinary measuring-tanks give all necessary facilities. 

It has been found by experiment that concentiated diffusion- 
juicc usually is purer than thinner juice, and this is particularly 
true when the pressure-water is impure. For tlus reason, and also 
in order to economize in the amount of coal used, the aim is to 
make the amoimt of juice drawn off for a given amount of beet- 
chips as small as possible Many factories only draw off 100 liters 
(26.4 U S. gallons) for 100 kilos (220 pounds) of beets. More 
than 105 to 110 liters should not be drawn if the cost of coal is 
high, and in case the extraction is then unsatisfactory it is best to 
improve the process m other ways. 

There is one sure way of finding out whether the adopted 
method of working the diffusion is the correct one, although loquir- 
mg so much time and labor that it is seldom used in practice The 
method consists in taking samples ol juice from each of the different 
cells of a battery at the same time and examining them for the 
sugar and purity. From the sugar-content, the gam made m each 
single diffuser is determined. If the values thus obtained are 
plotted upon coordinate pajier by taking the numbei of the cell 
as the abscissa and the increase in per cent of sugar in tlie juice as 
the ordinate, a curve is obtained which, if the m(>thod of woiking 
IS correct, will have a regular form If thi* woik is Ix'ing iiiijirop- 
eily conducted, the curve will be very iiregulai, showing that the 
extraction in the different diffuseis does not tak(“ jilace ri'gulaily 
and equally, and eonseiiuontly the elliciency of the battc'ry is not 
what-it should be. 

It is not always po,ssiblo to judge the value of juice from its 
purity, because not only is the nature of thi' non-saccharinc material 
very different, but it is not known which and how much of these 
substances will be lemoved by the subseiiuent jiroeesses of defeca- 
tion and carbonatation. It therefore sometimes liajipcns that a 
diffusion-juice of low purity will yield better niassecuite than a 
purer juice At the same time, “apparent purity” tests of diffu- 
sion-juicc have a certain practical value, as they frequently enable 
conclusions to be drawn as to subsequent working and the difficul- 
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ties likely to be met Such conclusions, however, arc only reliable 
when many purity determinations are made systematically, only 
by such tests is it possible to judge whether a change in the 
conduct of the diffusion would be advantageous, especially as to 
time and temperature 

It IS quite wrong to judge the efficiency of the work by com- 
paring the purity of diffused juice with that of expressed juice, 
and to conclude that the former is better in jiroportion to its 
greater purity. Further, it is a well-known fact that the purity 
of expressed juice varies with the fineness of the pulp and 
the amount of pressure applied, and that beets raised under 
different conditions will yield different amounts and qualities 
of juice when pressed There is no characteristic pressed juice 
which can be taken as a standard, and consequently such com- 
parisons arc useless. 

Conclusions as to the efficiency of a factory method can be 
drawn only by comparative experiments with the diffusers Cer- 
tainly it is still doubtful whether the laboratory test, which is a 
mere digestion process, has any practical worth as a critonon of 
the work on a large scale, yet a juice obtained by digestion or in 
similar manner, if made from the same pulp, is certainly to be 
preferred to expressed juice for comparing with diffusion-juice. 

The best way to judge of the effectiveness of a diffusion iirocess 
is to make comparative experiments with two batteries working 
the same beet material Inasmuch as it is difficult and expensive 
to arrange for such experiments, as a rule the actual results of 
parallel researches made with small experimental batteries must 
be depended upon to regulate factory control. In general, the vital 
points to be kept in mind are to maintain good extraction and con- 
centrated juice, using systemized ^ method and regularity in 
running. 

The changes which the constituents of the beets undergo in 
any special diffusion process are but little understood. The chief 
constituent, the sugar, speaking generally, suffers no perceptible 
change even if the diffusion is slow and at high temperature, for 
many experiments show no increase in the amount of invert-sugar, 
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or £it least only a doubtful one, and doubtful in so far as it is uncer- 
tain w hcthcr slight increases in the amount of invert-sugar actually 
occur from the sugar in the battery or whether substances with a 
reducing action are not formed from other constituents. The 
amount of reducing substances in the diffuser-juice amounts in 
general to from 0.05 to 0.15 per cent., according to the amount 
present in the beets Of the albuminoids, a greater amount appears 
to remain in the beet-pulp the hotter the diffusion. The amount 
of acid present in the juice vanes but slightly. Its acid reaction 
is partly due to free acid and partly to acid potassium salts which 
were either originally present in the beets or were formed during 
the diffusion. The amount of pectic substances which go into 
solution, and of difficultly soluble potassium and calcium salts, 
increases with the duration of the time of working and with the 
number of cells in a battery. The method of cultivating the beets 
and their ripeness also has an important influence upon the solu- 
bility of all these substances. Hoots which have been unneces- 
sarily strongly fertilized with potash and nitrogen will always 
yield larger amounts of this non-saccharine material than beets 
which have been normally fertilized oi with sufficient amounts of 
phosphoric acid, not only as this non-sacchanne ma tonal is pres- 
ent m greater quantities and in a more soluble condition in the 
former, but because such beets arc always more difficult to ex- 
tract sugar from, so that it is necessary to make use of higher tem- 
peratures and expose them to a longer diffusion The constitu- 
ents of frozen oi cle(‘aycd beets undergo greater changes during 
the diffusion, particularly when they are worked up hot and slowly, 
the amounts of m\ ert-sugar and acid as well as of pectic substance 
being notably increased. 

Recently, particular attention lias boon paid to the action of 
micro-organisms and ferments upon the juices, especially during 
diffusion Ferments have been found in the boots themselves — 
namely, invertin and a zymase. Micro-organisms, on the con- 
trary, are not present in healthy beets; they and their germs 
get into the diffusion with the dirt and dirty water, as well as in 
the factory supply. Their number depends entirely upon the 



48 


BEET-SUGAR MANUFACTURE 


condictons prevailing in individual factories. Dirty beets, am 
those washed with iinpurc water, naturally introduce more oi 
such forms of life into tho diffusion than do beets which have 
been well washed and rinsed with pure water. Good sprin| 
water and river water containing but few germs Pollutec 
water, or tho purified water which some factories arc compelLn 
to use, contain a great many of them Oons('(iuently, the numbe 
of micro-organisms and germs in the' juicvi of the first and Iasi 
diffuser may rise to many thousand pm* caibic centimeter 

Among these micro-organisms, howcwc'r, many are foum 
which have no action upon sugar Those that act upon th 
sugar aie chiefly Leuconostorj Barlcniuu roll, Baalim mcsoi 
tencuSf and subtihsj and related specie's 

If the forms of life present decompose sugar, it is eviden 
that corresponding decomposition pioducts must aiipc'ar, siiic 
almost every individual kind ot imcro-orgaiuMn produces a chai 
actenstic product As a rul(', tlu' sugar solution Ix'comes acic 
but sometimes it turns alkaline Inveit-sugai is ioiiiK'd m man; 
cases; at other times it is eithei not iotnied at. all, oi is di'coin 
posed as fast as it is foimc'd Not a f('w l>act(‘iia pioduce slim 
or gummy substances, otheis alcohol and vanous gases such a 
caibon dioxide, methane, hydrogen, c*te The ])res('iic(‘ of micrc 
organisms is often rccogniyA'd hy tlu' aiipi'uranee of su(*li gasc.^ 
even when the amount of sugar (l('('()mpos('(l is small In othc 
cases it is more difficult to detect tin* a,etion of haeU'iui, as tli 
qualitative detection of the decomposition inodiicts is m man 
cases difficult and the quaiititativi* estimation altogi'ther lmpo^ 
sible. There is no question, tlu'n'forc', but that wlu'ii the condi 
tions are favorable to baetc'rial action, large' amounts of sugn 
may be decomposed without supcufieial ('xamiuation showing an 
indication of such decomposition. 

The most essential conditions favoring the activity of micro 
organisms arc, however, favorable U'lnpt'ratiire and suflicien 
time Such conditions arc never mc't with in a modern, carefullj 
conducted sugar-factory. Only very few bacteria are active a 
temperatures as high as 00° to 70° C., and those lose the 
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activity, or die, if the temperature is raised to 75^^ to 80^. The 
ferments, to be sure, still act at this high temperature, but the 
amount of ferments present in the beets themselves is very 
small and ferments arc formed from micro-organisms only when 
the latter arc active. 

In the cliff usion process the tcnipcratuie in the diffusers is 
never below 55° to 60° C., except in the first and last diffusers 
and rarely in the diffuser next to the last, all other diffusers 
have a temperature of at least 70° C , and most of them are 
between 75° and S0° C. The chips and juice, therefore, arc at 
temperatures favorable to the development of bacteria only for 
about ton minutes at the start and for fiom ten to twenty 
minutes at the end of the dilfusion piocoss In this shoit time 
it IS not possible for bactcuna to foini feirnents or decompose 
appreciabl(‘ amounts of sugar, especially as it r(‘([uires some 
time for bacteria to become aciaistomed to new ('nviroiiuK'nt 
Although it is som{‘times asserted that sugai is decomposc'd 
during the passage of the chips fiom the slicing-machiiu' to the 
chffus(‘rs, this has been dispiovi'd by many ('xpeiimmits. Cohett(\s 
from healthy beets will keep for several hours at ordinal y teiu- 
pcratuies without suffeimg any sugar loss 

If the diffusion and subscxpunit tK^atmcmt is eaiiuMl out 
properly — at high tempeiatures and with lapid inovi'mimt of the 
juice — it IS impossible for appreciable amounts of sugar to bo 
decomposed. 

The undoubted possibility that, in exceptional case's when 
proper conditions are not inaiiitauK'd, the action of bacti'iia may 
become marked should ti'iid to make the mamifactuii'i exercise 
all the more care m maintaining propc'r care Tlui use of pre- 
servatives, such as carbolic acid, acid sulphites, formalin, etc, 
is quite unnecessary, asiih* from tlu' laid that the action of tlieso 
preservatives is doubtful and tlu'y aic expensive Formalin, 
besitlcs preventing feinuuitation, is said to have a favorable 
action as a precipitant of protein and peptic substances, but in 
order to obtain such action, the amount required makes it too 
expensive to be profitable. When bisulphites arc used, of which 
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as a rule one liter of a 30° B6 solution is added to 100 kg. of 
beets, hydrogen sulphide is frequently formed. 

For practical purposes, the question as to the injurious effect of 
micro-organisms upon diffusion can be regarded as wholly an- 
swered, inasmuch as many experiments have shown that there 
is no perceptible sugar loss under normal conditions. All the 
sugar originally present in the beet, within the limits of error 
arising from sampling and methods of analysis, can be accounted 
for by that found in the diffusion-juicc and in the waste 
products 

Many changes in the ordinary methods of conducting diffusion 
have been tried, without proving of much importance or finding 
permanent application in the industry 

The attempts to carry out a continuous diffusion in one coll 
deserve particular attention. The idea is certainly as old as the 
diffusion process itself, although up to the present time those 
arrangements which have been tried in pra(*tice have yielded a 
thin juice, and the extraction of the sugar from the beets has been 
incomplete and uneven Most plans for this diffusion method 
exist only on paper If it were possible to overcome the above- 
mentioned evils, the continuous diffuser would without doubt 
replace those now m use A diffusion which is to take place con- 
tinuously must be so arranged that the juice in a constant and 
steady stream meets the boot-chips moving in the opposite 
direction Consequently, all disturbances caused by the stiainers 
at the bottom of the ordinary cells, and the sugar-loss caused 
by the amount wasted in the water while emptying cells, will 
be avoided. 

Other experiments have been tried of running the current of 
juice from the bottom to the top of the cell, with the idea of 
floating the chips and thereby preventing the stoppage of the 
holes in the strainer at the bottom. But the chips which are 
floated upward by the stream tend to stop up the holes in the 
strainer, which must then be placed in the top of the diffuser 
and cause about as much trouble. Furthermore, circulation 
from top to bottom is better because the denser juice does 
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not become mixed so much with the thinner juice which fol- 
lows it. 

In order to coagulate the protein matter in the cells of the 
beet-chips at the start, so that it cannot pass through the cell- 
walls, the chips, as soon as put in the diffuser, have been sub- 
jected to the action of steam or hot juice. It has even been 
proposed to construct the beet-slicing machine so that the beets 
will be sliced under a layer of hot diffuser-juice, so that the 
slices do not come in contact at all with air but are flushed by 
the juice directly into the diffusers. At all events, the advan- 
tage is gained that the beets are more easily sliced under the 
hot juice. But it is doubtful whether such a process can prove 
successful. During the short time that the chips are exposed 
to the air under ordinary conditions, there is no decomposition, 
so that the coagulable proteins do no harm to the juice. 
As a matter of fact, however, no appieciably greater quantity 
of protein passes into the juice when the slices are heated 
in the usual manner than when they are suddenly heated to 
above 70° C. 

There is just as little advantage to be gained by heating the 
chips to 100° C. (212° F) with steam oi juicc in a freshly filled 
diffuser. 

The process is not advisable, moreover, because of the danger 
of sometimes scalding the chips in places and so hindering circu- 
lation. This can be obviated by treating fresh chips with liquor 
at 75°-S0° C. from the previous dilfiiscr, by pumping the juice 
through the chips and heater several times. The advantage of 
this method of working lies more in the fact that the fresh chips are 
at once subject to diffusion with hot juice. The extraction of the 
sugar from the chips also takes place more rapidly, fewer cells are 
required in the battery, and the juice is drawn off more con- 
centrated. The process is also simplified so far as only the 
freshly filled cell needs heating, the other calorizators being 
unnecessaiy, particularly when hot pressure-water is used. The 
handling of the battery will be more complicated, however, 
inasmuch as each diffuser will require a special system of 
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valves and conducting pipes to run the juice back anc 
forth. 

With regard to the fact that the air contained in the chipi 
proves a hindrance for the quick extraction of the sugar, the 
proposal has been made to remove the air from the freshly fillcc 
diffuser by means of a pump before mashing the chips with juice 
The advantage gained by this method of operating is so slight 
that it is not to be recommended on account of the increased 
expense of installation and opcuiting 

In order to enrich the wash-water from the filter-presses, 
which cannot be utilized in the dry c‘larifi(.*ation process, (experi- 
ments m sending it back always to that cell in tlu‘ diffusion, 
which holds juice of approximately the same concent, ration, have 
been tried with success This method do(\s not incr(‘a.se the 
amount of juice drawn off to the extent th(' wash-watiM’ has l)('('u 
added, since the juice is notably nion^ conc(Mitra(.(Ml In g(‘tu‘ral, 
however, it is hardly worth while to scnul this watm* back to the 
diffuser, because the work then requiies miudi mou' atitaition/ 
more control, and a new system of piping is lU'cc'ssaiy, and finally 
the advantage to be gamed is not v(»ry gn^at, with a continuous 
diffuser, on the other hand, such waste-wat(u*s, lik(* the diffusion 
waste-waters also, could be utilized veiy advantag(‘ously 

Diffusion troubles sometimes make a dilhu’i'nt procedure 
necessary. Such irregularities may bo causcMl either by thc' kind 
of beets, the inattention of workmen, or by a facitory shut-down 

One of the most difficult tasks is to handle frozen or decayed 
beets successfully, or such as cause evolution of gasc^s in the 
diffusion, without making the process too long, or getting poor 
extraction and impure juice. 

Beets which have been thoroughly frozen by a strong and 
extended frost are not thawed by the warm wat(U’ in the carrier 
and washing-machines. It is lucky if they are thawed enough 
to be washed clean of adhering dirt. In the beet-slicers it is 
impossible to obtain good chips from sucli beets; the ordinary 
knives are useless as a rule, so that ''finger-knives*^ must bo 
employed, and preferably those of roof ridge shape. Short chips 



EXTRACTION OF THE JUICE 


63 


are obtained mixed with a quantity of mush, which makes 
satisfactory diffusion work very difficult. Frequently the chips, 
owing to the ice which they contain, when mashed with warm 
juice freeze together in solid lumps and do not thaw during the 
whole diffusion, or at least only partly. When the cells are 
emptied, there will be mixed with the normally extracted chips 
those from these frozen lumps, which will bo little, if any, 
extracted In order to avoid this trouble as much as possible, 
it is advisable, as the frozen slices are going into the cell, to 
run juice, as hot as practicable, in at the bottom. For the 
rest, it IS necessary to work the other diffusers at as low a 
temperature as possible, because the cell-walls of the beet have 
been partially destroyed by the frost, and the chips conse- 
quently are apt to become too soft. Decayed or badly preserved 
beets must be also worked up at low temperatuies Conse- 
quently, to avoid undesirable piessure in the dilTasors, the 
working temperature is lowered m pioportioii to the number 
of decayed or fiozcn beets 

Under such circumstances, no matter how the woik is done, 
it IS self-evident that the chips will be very unevenly exhausted 
Of two evils it IS necessary to choose the Ic'ssei, and in this case 
the lesser evil is the high sugar-loss, compau'd with the use of 
high temperatures, which effect complete stoppage ot the cii di- 
lation and hence make it absolutely impossibh' to continue the 
process The high sugai-loss is likewise a lesser evil than 
extracting a very impure juice, which will always come from 
woiking slowly at high temperatures with such beiits. 

The evolution of gases m diffusion causes less trouble than 
formerly, on account of the process being now conducted hotter 
and more rapidly This phenomenon is caused by fei mentation 
brought about by action of bacteria, and is made evident by a 
strong frothing in the last diffuscis. The cause of this frothing is 
that certain gases, particularly hydrogen and carbonic acid, arc 
set free by the fermentation. It is not yet perfectly clear what 
kind of micro-organisms cause the fermentation, apparently 
they are anaerobic, as their activity is noticeable only within 
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amounts of enclosed air which cannot immediately escape during 
the mashing of a freshly filled diffuser. Those gases, however, 
contain carbonic acid and arc not formed during the diffusion, 
but arc already contained m the beets, and on account of their 
small amount cannot cause much disturbance in the process It 
is sufficient to remove them from time to time by moans of air^ 
cocks or vacuum apparatus on the diffusers 

The diffusion can also be impeded greatly by bad slices made 
from beets that have gone to seed Such beets, particularly 
when they have old seed-stalks, possess a very woody tissue 
which dulls the knives in the sheer or covers them with fibres. 
If the farmer cannot be made to throw out all such beets when 
harvesting, there is no other help except changing the knives 
frequently and using cither Konigsfelder or ^'finger” knives with 
notched guards. Ordinarily such beets arc met with only at 
the beginning of the campaign, when the eaily beets are deliveied 
at the factoiy The causes of the appeal ance of seed-boc^ts are 
usually a long-continued peiiod of giowth, heavy and unequal 
fertilization, iiitciiupted growth by night fiosts, oiv , to which 
the caily beets are moie subject than those which are sowed latcu 

Unpleasant mteiruptions and troubles in ddfusion aic' often 
caused by lengthy stoppages in other parts of tlu* fac’toiy If 
this be duo to a limited supply of chips (fiorn tioubh's in the 
wash-house or m the beet-sliceis), it is well to jemove a nit‘asuiiiig- 
tankful of juice ev(‘iy half-hour, and m this way cut out tlu^ last 
coll of the battery, in onhu that the juice move moie slowly 
without dissolving out too much of non-sacchanne matdial 
This IS not applicable when tlu' trouble' is at soiiu' lat(‘i stag(' of 
the process, and m this case d(‘t('iioration of tlu' juice is the 
inevitalde consequence. 

This deterioration caus<'s most trouble When the delay in 
process comes from slow-running hlt('r-pr<*ss('s, because one of 
the principal causes of slow filtration, paitumlarly in working up 
beets which are unripe and have been strongly foitilizcd with 
nitrogen, is duo to the presence of pectin or similar substances, 
separating as a slimy mass in defecation. The amount of those 
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the diffuser and ceases at once when the diffuser is emptied 
and its contents exposed to the air. The bacteria probably 
come from the soil, for the evolution of gases frequently occurs 
in working with very dirty beets. The best means of protection, 
therefore, lies in carefully washing the beets, and using pure 
pressure-water. High temperatures do not seem to kill these 
^cteria, for they arc exposed to 80®“85° C in the first diffusers. 
Their 'Hemperature-optimum lies between 40° and 50® 0. 

If in a battery the gas-evolution has taken place to the extent 
that the rate of flow of the juice is considerably diminished, the 
best way to remedy this is to duiw off the juice i nmcdiatcly. 
It is ineffective, or partially so, simply to remove the gas by 
blowing it off through the air-valves, because the gas collects 
only partly in the top of the diffuser, while the greater part of 
it remains as a froth between the chips at the places where it 
is formed The whole contents of the last diffuseis are, there- 
fore, foamy, and the current of juice is gn'atly impeded. The 
slower the circulation and the longer the time taken up by the 
diffusion working, the more gas will b(' gcuK'rated, so that as a 
result, eventually the flow of the juice will stop entiiely If, 
however, the juice is at once removed and the diffuseis aie wcdl 
washed out, usually this unpleasant oeeurronec^ will not take 
place again if the work is started hot and (piiek, and, with a .shorter 
battery, avoiding interruption of. the (dreulation The increased 
loss in sugar owing to the amount icmaiumg in tlu' pulp, from 
this method of working, will in many eastvs be compensatc'd by 
saving of time consumed in the opcu'ation and by the extraction 
of purer juice, since extraction in a foamy lUlTuser, even with 
slow working, is usually unsatisfactory. Incidentally it ahould 
be noted that there is danger from (explosions, which can b(5 
readily caused by opening the thffuscir in th(J presence of a naked 
light, and particularly there should bo spcecial caution in opening 
the lower manholes, as usually there is a strong iiressuro within 
the diffuser. 

A phenomenon very similar to the gas evolution which was 
described above is sometimes observed if the boots contain large 
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substances increases with the slow working of the diffusion. In 
such cases it is best to lower the temperature in the diffusion as 
much as is consistent with a satisfactory exhaustion of the beets, 
and, if possible, the hottest cells should be at a temperature of 
from 68° to 70° (156° to 158° F ) This usually extracts juice 
which will run better through the presses, and the w'ork goes 
more quickly. 

If the disturbance in the factory is more than temporary, the 
battery should be at once “sweetened off,"' so that, when the 
difficulty has been removed, the work can start fresh. With 
sound and good beets, however, a stoppage of twelve hours in 
the battery ought not to do much haim, if the temperature is 
lowered. Many factories consequently do not “sweeten off’' the 
battery over Sunday, but, after drawing off the thickcjr juice, 
allow it to stand, in order to begin the evening woik with the 
thinner juice. This practice, howevei, is not to be recoiniiKuided, 
for the juice always dotciiorates considerably There is also no 
advantage, since the only reason for : 11 wmg juice to stand in the 
diffuser is to economize coal, and this is unnc'ci'ssary, Ix'cause 
the exhaust-steam is not needed for evaporation, and unless 
used will be wasted 

Inattention and carelessness on the pait of workmen m 
charge of a battery will oftiui cause miK’h tiouble If the 
prescribed tcmperatuics arc not maintained, if bad chijis <uiter 
the diffuser, or an insufficient amount of juice is drawn olT, the 
result will be poor pressures m the battery, or a poor extinction. 
If excessive temperature m the battery is detected soon (uiougli, 
it is advantageous to let cold water into the overlieated diffusers 
and to push on as quickly as possible, so that the hot lii|iud is 
allowed to act upon the chips but a shoit time If the eircula-* 
tion has already become retarded on account of the hi^di tern- 
peratuie, the frequently employed method of shortening the 
battery helps only when it is known that the cell causing tho 
trouble is near the last in the series, otherwise the damage is 
merely augumented by increasing the sugar-loss in the extracted 
residues. 
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If poor pressure in the diffusion battery is caused by beet- 
chips, which have been softened by too high temperature packing 
against the strainer and stopping up its holes, the difficulty can 
be overconae by reversing the flow for a short time To do this, 
close the water-valve oti the last cell and open the uptake-valve 
of the cell which is next to the one which has just been emptied. 
At the same time the water-valve on the freshly mashed coll is 
opened and the water now forces the juice in all the cells up 
through the strainer, so that the holes of the latter are freed 
from the clogging beet-chips If, after a short time, the flow is 
turned in the original direction, the chips aic no longei packed 
against the holes, and the pressure in the diffusion battery will 
be very much improved. 

Leaky valves arc often the cause of ii regular working in 
diffusion If a watei -valve does not close tightly, water con- 
tinually enters flie diffuser, togethoi with the juice, causing a 
constant dilution and an unsatisfactoiy sugai-cxtraction If a 
juice-valve is not tight, the juice will likewise become thinnei 
when it leaves the battery The batleiyman, theiefoie, must 
make sure that all the valves aie tightly closed after each cell 
has been emptied, and that neither water noi juice escapes from 
the uppci pipe discharging into the diffuser 

With good valvc-washcis of rubber oi vulcanized fibre, and 
with the disc properly attached to the stem, theie is seldom any 
trouble from leakage 

Invariably a constant chemical control of the diffusion, night 
and day, is absolutely essential The meie fact that woikmcn 
know that every mistake will be detected stimulates them to 
greater care m lunning the battery . 

Particular attention must be paid to starting and sweetening 
off .the battery. In order to start a battery, three cells are filled 
with hot water by allowing the water to flow from one vessel to 
another and warming it in the calorizators, or the hot water is 
taken from another part of the factory (condenser-water, exhaust- 
steam, etc.). The temperature of ^his water should m general 
j 10 fc exceed 70® C. (158° F ), otherwise the fresh chips are likely 
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to be scalded at the start, and consequently cause poor prt'ssu] 
Frequently the bcet-slicers arc made a litth' thicker than usu 
at the beginning of the work in order to avoid biul prossu 
at this time. One after another, four or five dilTusers a 
filled with the hot water, of course taking precaution to brir 
the juice to the light temperature as it passes from one coll 1 
another. Then the first juice is run ojff into the measuring-tanl 
and usually half a tankful is drawn from each of the first tw 
cells. When m this way the usual number of diiTus(u*s have bee 
filled with chips and put in operation, the battery is n^ady to ru 
in the ordinary manner, the prescribed temperatures Ixiing main 
tamed and the last cells systematically out out and einjitied on 
after the other. Naturally the extracted pulp from the first dif 
fusers is always very thoroughly exhausted, and usually ret-aini 
but traces of sugar. The juice which is at first extracted is quite 
thin, and only becomes of normal density after six or s('V(‘n ec^llf 
are drawn. 

The stopping or ‘‘ sweetening off ” of a battciy is earried out 
in such a way that one vessel after anotlu'r is shut out of the 
senes after two measunng-tankfuls of juiee have ixi als hvvn 
withdrawn from each Finally, four cells are h'ft conn<'ct(‘d witli 
one another, and juice is drawn away until tho last juic(» eon- 
tains only 0 3 to 0 5 per cent, of sugar With poor Ix'cds it. is ))(\st 
to put this limit higher, and to stop wlu'ii th<» juice contains from 
0.5 to 0.75 per cent of sugar. Then tho chips, ev(»n in tlu* last 
diffuser, are sufficiently extracted; and if tli(‘ amount of sugar 
which they retain is somewhat greater tlian is tlu' east' in tlu' 
normal working of the battery, still this Hiuall loss doi^s not como 
into consideration in comparison with the lowering of Iht' juinly 
of the juice The last juice taken from Uk' diffus<‘r has a ^ ary mg 
composition, depending upon the charactc^r of the othc*r jui<*(‘. Its 
purity IS greatly diminished, and even nft('r (k‘f(»(jation is still 
very impure, it contains in particuhir many organic non- 
saccharine substances, which in the proc^c^ss of d(»fcx‘atiou form 
calcium salts to some extent, and render the further working-up 
of the juice more difficult, especially the boiling of tho last wcude's 
affcer-products. 
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The exhausted chips arc discharged through a manhole which 
is either at the side or the bottom of the diffuser. In order that the 
emptying may take place rapidly and thoroughly, it is necessary to 
observe certain precautions First of all, by opening the upper air- 
cock the pressure within the cell is diminished, after this the 
lid to the lower manhole can bo cautiously unscrewed. When the 
sputtering has ceased, the lower manhole should then bo quickly 
opened, and immediately afterwards the cover of the upper man- 
hole should be raised The contents of the diffuser will then fall 
out in a steady stream into a hydraulic carrier, which must be wide 
and deep enough to take up the mass of exhausted pulp. Diffusers 
which are provided with dischargc-doors at the bottom are emptied 
very completely in this way, so that it is only necessary afterwards 
to rinse them out with a little water. In the case of cells with 
discharging-doors at the side, more or loss of the chips will remain 
lying in the corner opposite to the manhole, but the amount of 
exhausted pulp finally left m the cell is diminished by fluslimg out 
with water from above, oi, still better, hy hitting in th(‘ waler 
beneath the strainer When the latter method is employed (jan^ 
must be taken to sec that the strainei is firmly fastened in position 
so that it IS not displaced in the operation 

The hydraulic carrier has now eom(' into almost imivemal use 
for carrying away exhausted chips. It is the simiilest of all iiK'th- 
ods for transporting them in a horizontal diieetion All the niles 
which were laid down with icgard to the beet-earner will hold h(*rc 
also, particularly with rcganl to the necessity of avoiding any 
damming up at the elevator As the earners always have con- 
siderable width and breadth, it is not necessary to jirovide much 
of a fall, one of about 50 inm (2 inches) suffices, I'or the rest, 
the dimensions of the earner arc governed solely by the capacity 
of the diffuser; it is made deeper and broader in proportion as the 
cell IS large, so tliat there will be room enough when the chips are 
suddenly dropped into the carrier. 

Although the chips arc shot out of the cells with a large amount 
of water, which amounts to more than the weight of the chips 
themselves, it is advisable, in cases where there is not much fall, to 
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pump the water whi(‘h is separated Irom the chips by a strainer 
the lower end of the earner, back to the upper end. ^^y this mei 
the mass of exhausted pulp is moved forward at a uniform ra 
and the elevator will consequently work better. 

Only in those factories where, from deficient water-supply, i 
last diffusoi IS under air-pressure, is us(' of tlu* hydraulic earner c 
of the question In such cases it is ni'cessary to ri'sort to the i 
of belt or screw conveyors 

Another method of removin^i; tlu^ cliips from the diiruser, a 
which at the same tim(‘ is (‘ouiu'cUmI with (lu* laisiu/; of th(‘ chi 
depends upon the application of compressed air which (‘ideis at t 
bottom of the closeil cell This el )y the whole mass of pulp 
thoroughly stared up and notlii'ig remains adlii^ring to the lev 
strainer If mi'an while a sli(l(‘-vaive at the bottom of tlu* cell 
opened as soon as the pri^ssuri' has i (‘ached a c(‘il.am lu'iglit, t 
whole contents of the difhisi'r will l)t‘ iMiiptiial tliiough this val 
and forced thiough a pipe' to tlii' i)iilp-pi(‘ss 

For raising the chips which aii‘ einptii‘d into the liydrau 
carnci , bucket elevators an‘ eonunonly usi'd Then' isoften moie 
less difficulty ciicounteK'd in this ojix'ration on ai'count of the hue 
ets not taking up enough of pulp at a tiini', this dilliculty is ahva 
met with in those cases where the' hoot of the olevatoi is too lai#. 
and where the water is too deep and flows too fast 'fhe evil can 
immediately remedied by incri’asmg tlu' wati’r-ovi'iflow^ and maki 
the boot smaller, oi, still l)(‘tt(*r, by leading tlii' hydraulic carr 
directly to the elevator, so that, the (dups go din'ctlv into the bucki' 
It IS obvious that the buckc'ts will hi' lu'avil}^ loudi'd imniediati 
after a diffuser is emjitiod, whih' in tlu' iiitcTvals b('lw'(*(‘irtlie empt 
mgs the elevator will havi' but litth' work to do. If it is desiri'il 
retain the advantages whi(jh a large boot olTi'rs in giving a uiiifoi 
supply of the chips, it is a good idea to jilace in front of Ihi' eh'vat 
a horizontal shaft provided wdth arms, wducdi, as thi'y re\ olvo, s 
up the chips from below and propel them toward the clevat 
buckets. 

Besides the bucket elevators, a screw conveyor is frequent 
used for raising the chips to the press, and serves to subject the pu 
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to a slight pressure. Such an arrangement works very w'ell for 
raising the chips, but is not very efficient with regard to diymg 
them. Pumps with perforated pressui e-tubes act upon the same 
principle. 

From the elevators the chips arc next earned to a distribution 
device over the chip-pi esses. Inasmuch as these presses work 
properly only when they are kept full of chips, it is ncccssaiy to 
have a regular and systematic feed The presses, no matter what 
the design, are placed in a line, and the chips arc cairied over them 
by a screw or rake conveyor As this conveyor discharges into 
each press through funnels, every one will be kept full as long as 
the supply of chips is sufficient. Occasionally those presses which 
get the rehidiu’s, and aie cousequenlly unevenly fed, Will work 
poorly If the location of the presses pci nuts, it is desirable to 
place a carrier behind the last filter-piess to take back any excess 
of chips to the elevators It is then not neci‘ssaiyto pay much 
attention to feeding-pi esses, as the pio(*ess ungulates itself. 

The choice of chip-presses, which an* of veiy vaiious constiuc- 
tion, depends upon whether oi not stiong piessuro is (h'siied 
For high prcssuu‘s, it is best to use pi esses that have specially 
made mantles and pressure-bhuh's In all cases particular atten- 
tion should be paid to having a strong and finely pcifoiatcd plate 
strainer, as well as means for taking away the expressed water 
thoroughly and lapidly in such a way that it is impossible foi it 
to come in contact again with the chiiis The thinner the layiu* 
of chips at the place where the pn^ssuic is strongest, the gieatei 
the amount of wat(T e\pre..scd 

With all presses it as necessary to allow for a certain loss, as 
small pieces of the pulp will be pu'ssed inevitably through tlie 
sieve In order to avoid loss of this pulp, the press-water is carried 
back to the hydraulic carrier, so that the small pieces of chips 
will collect m the main body and be leiiuned with it to the presses. 
If, however, it is desired to remove all the particles of beet, it is 
necessary to run the sweet water and the chip-picss water through 
a pulp catcher provided with very fine slits or holes. The residues 
thus obtained, which are continuously removed from the strainer 
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by brushes or sorapcrs, arc cither dirt'ctly carrit'd to the prossc( 
residues or to special presses. 

With regard to the value of using high pressure in oxtraetin^ 
chips, opinions differ. It is a fact that the* hardi*r tlu‘ pulp ii 
pressed, the greater the amount of valual)l<* niatU'r that is s^iiiecjset 
out with the water and lost, this loss l)c‘iug gn'atcr if the chips an 
not completely oxtractotl. When tin* pulp is fed directly tc 
cattle in the fresh condition, or when th(* pulp is allow<*d to sour 
too strong pressing is to be avoidtHl, in this cast* it is correct tc 
press the spent slices until they coutaiii about It) per cent, of dry 
substance 

If, on the other hand, the pressed pulp is to Ik* dric'd, the saving 
in fuel must be compared with ih(i loss in iiuiiicnt mattc'r When 
fuel is high it is rational to remove as inucli of I In* \vat(*r as po.s- 
sible by pressure, for in such eases tin* loss in nutriment is more 
than compensated by the saving in cotil 

Not only the construction of tin* pi(*sseh and (In* amount of 
pressure apiDlied, but also the (pialiU of tin* slict‘s and tin* mi*thod 
of diffusion exert influence upon tin* inojK)! tit)n of di} .substance 
in the pressed pulp Thin and (piit(* (’xlnuislt'd slu*t*s can be 
pressed better than thick or hollow oin’s, am I it is ulso (‘asier to 
press the pulp if the slices are fed to tin* pn'sses wai iii or hot rather 
than cold. On the contrary, chips which havi* b(*(*u kept in hot 
diffusion for a long time an^ more diflicult to pn*ss than I Iiom* which 
have been worked more quickly oi at a low ei t(‘inp(’rat un*. The 
reason for this is to bo sought in tin* fact tbat tin* <*(»ll-tissu(* is 
much swollen after a short poriotl of overlu'ating. It is advisable 
to work with warm or hot prossure-wat(‘r in the diffusion, and to 
remove and press out the spent chips while* tln*y an* still warm, 
when they are to bo dried. Whim, for any reason, the exhausted 
chips cannot be removed from the diffusiu's while they are hot, 
it has been recommended to heat them again just bifforo they are 
carried to the presses, or while passing through the upper part 
of the presses, by means of hot-well water or hy direct steam. 
This treatment, to be sure, makes it easier to press the chips, 
but should only be resorted to in special cases, as the increased 
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amount of water to be pressed out and its more favorable extrac- 
tion temperature, increases the amount of nutriment taken away 
from the chips For the same reason the addition of lime to the 
chips is not desirable, although it makes pressing easier, since it 
lessens the digestibility of the fodder Further hot-pressing is 
useless when the residue is solved, because, disregarding the loss 
in nutriment through strong pressure, these hot residues begin 
to ferment after a few hours, and do not keep in silos nearly as 
well as chips which ferment much more slowly and in a normal 
mannoi , as they do when cold-pressed. 

B. Diffusion, Combmed with Pressing and Recovery ftom 

Sweet-Waters. 

Inasmuch as considerable amounts of sugar arc lost m the 
waste waters in the ordinary diffusion process, it is easy to under- 
stand that oven at the tunc the process was introduced, attempts 
weic made to prevent those losses by working the sweet-waters 
back into process This resulted in many iliffieultics; it was 
found, moreover, that as a result more sugar was Ic'ft m the ex- 
hausted chrpSj so that there was no gain in the ^ueld ol sugar fi^oru 
the same amount of juice Consecjucntly this nu'thod of work- 
ing was soon abandoned 

New incentives to recover the sugar in the sweet-waters have 
recently arisen in the difficulty of disposing of such waicu* and in 
the preparation of dry fodder If the waste watei fioiii the 
diffusers is used as pressure-water, it is disposed of in the simplest 
and most natural way, and, furthermore, considerable economy 
in the fresh-water supply results The use of the waste 
water in this way causes a direct gain only when the residues are 
dried, in the dried chips there is present not only the sugar which 
is otherwise lost in the waste waters but also the total amount 
of non-sugars consisting of easily digestible substances. Only 
by drying is it possible to preserve these substances; when the 
residues arc not dried they sour and the abovc-mcntioncjd sub' 
stances are converted into acids and other matter which has 
little or no food value. Such sour residues have no greater 
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value or nourisluneiit than the sour residues obtained by th 
ordinary diffusion method. On the other hand, the practice o 
returning the sweet-water makes noticeably heavier and bettc 
dry chips than are obtained by an ordinary diffusion with drying 
of the press residues 

Working back the sweet-water permits, furthermore, greatei 
variety in the extraction methods employed Inasmuch as in this 
case all sugar-losses, or in fact all losses of dry substance, are 
completely avoided, it is not necessary to carry out the extraction 
so far in the battery as in an ordinary diffusion, but a greater oi 
or less amount of the juice can be and is obtained from the pulp 
presses which is worked back either after the diffusion is complete 
or during the process The greater the final pressure applied, 
the greater the amount of sugar which may be left m the chips 
when withdrawn from the diffusers without causing sugar-loss 
in the extraction. The press work, theiefore, becomes an essential 
part of the process aijd regulates the juice extraction, according 
as a greater quantity of marketable sugar or a more valuable 
fodder is desired, thus determining whether the diffusion or the 
pressing is to be carried further 

The simplest way of working back the sweet-watci is when 
the usual diffusion -battery is employed, flercby ccitam dis- 
advantages are likely to result which must be guaidcd against 
by special contiivanccs These are tioubles cauHcd by bad 
pressure, foaming, and fermentation phenomena of the sweet- 
water in the battel y 

The cause of bad pressure arc the fine particles of beet which 
come in part from the slicing and partly from the presses The 
coarser particles can be removed by pulp catchcis, but the fine 
particles pass through the holes or slits of the strainer Tho 
amount of fine material is small at first, and therefore uniiijurious. 
As the work progresses, since none of the sweet-water is discarded, 
the amount of fine material increases and deposits upon the chips 
of the last receiver, which act as a filter, in a more and more 
dense and impenetrable layer that serves to check the flow of 
the juice and eventually stops it entirely. It is easy to prevent 
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this by simply drawing off portions of the sweet- water from time 
to time and allowing it to settle. 

Thfe waste diffuser-water (sweet-water), containing all of the 
pulp particles gradually collected m its passage through the chips, 
is run at regular intervals into a special tank, or a portion of the 
water is continuously decanted as it flows in a slow current 
through the tank The fine pulp, settling to considerable extent 
to the bottom, is pumped with the surrounding water to settling 
tanks and pressed, making the bulk of the top-water containing 
but little pulp ready for the diffusion without further treatment. 

The turbid portion of the sweet-water is clarified by settling, 
the clear water flowing to the pressure pumps of the battery, and 
the pulp finally deposited as a thick paste is worked up either by 
pressing or drying 

The greater part of the sweet-water thus is outside the dif- 
fusers only for a few minutes, so that thcie is not so much danger 
of interfering reactions taking place as would be the case if all the 
sweet-water was settled at one time Only about 10 pei cent of the 
total sweet-water needs to be clarified, and as it settles sufficiently 
in from 30 minutCvS to an hour, it can be protected from change 
during that time by keeping it at a suitably high temperature. 

It is advisable, how(*ver, to keep the watei that is immediately 
returned to the diffusion at temperatures of at least 50°-60° C. 
(122°-l t0° F) woiking at this temperature in the last c(dl and 
reheating the watc'r to this temperature in special heaters before 
working it back Fei mentations and the foaming that is likely 
to result by the use of cold sweet-watci are thus avoided 

The tiuestion as to whether it is bettcu to mix the sweet-water 
and the water from the presses oi to separate them according to 
their sugar content is of subordinate importance The amount 
of sugar obtained from the diffuser-juice is detci mined by the 
amount of juice and its density and the latter depends upon the 
same factors as in an ordinary diffusion, namely upon the length 
of the battery, suitable temperature,' as well as the nature and 
thickness of the slices. Even if by working back the separated 
waters in the following order, water from presses, overflow 
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water, fresh water, a smaller amount of sugar is said to be re- 
tained by the exhausted chips, nevertheless equal results can be 
obtained by adding a cell to the battery. For theoretical reasons, 
which are based upon the flow of the juice in the last diffuser, 
it seems improbable that the chips actually contain less sugar 
when the water is separated than when the mixed water is added 
to the first cell. 

The work with mixed waste waters is simpler and more favor- 
able as regards the settling out of the pulp. Only one pul*) 
arrester is required for all the water and only one settling tank. 
Otherwise there must be separate collecting tanks, pulp arresters 
and clearing tanks for each different kind of water and obviously 
there must be some arrangement whereby the water can be in- 
troduced into the battery in the right order and proper amount 

By using cither method, it is possible to arrive, within the 
normal limits, at any desired sugar-content of the juice or of 
the pressed residues. It is perfectly clear that the water running 
off contains considerably more sugar than is the case in an ordinary 
diffusion, even when the amount of juicc withdrawn and the am'junt 
of sugar recovered from the juice is normal On an average the 
waste waters now contain five or six times as much sugar and the 
pressed chips contain that sugar which would otherwise be lost 

When the work is normal, the sweet-waters in this process 
contain approximately 0 6-0.8 per cent sugar and the pressed chips, 
according to the pressure, form 1-1 5 per cent, sugar. This relatively 
high sugar-content of the sweet-water, which makes it class with 
the thin sirups, shows why there is no advantage gained by 
carrying a part of the water back; for just as much sugar is lost 
as when all the water, of much lower sugar-content, is discarded., 
Either all the sweet-water must be returned to the diffusion, or 
it is bettor to carry out the process in the usual manner, for a 
partial recovery only makes the process more complicated without 
materially increasing the yield. 

By lessening the number of cells in a battery, and the 
amount of juice withdrawn, juice-extraction is controlled more 
and more by the chip-presses In this way it is possible to 



EXTRACnON OF THE JUICE 


67 


have as much as 2 or 3 per cent, of sugar on the weight of the beets 
retained by the pressing and hence in the dried chips and under 
constant working conditions obtain a product containing a 
uniform amount of sugar. 

Besides the sugar, it is evident that a larger amount of non- 
sugars will be present in the prcssetl chips When working 
with a normal juice drawing, somewhat lt‘ss non-sugars are 
dissolved out of the beets than is usual in the difTusion process, 
for in the latter ficsh water is used to sweelen olT, wheieas when 
the waters are worked back, a juice containing tpiiie a little 
sugar is substituted which will naturally dissolve less non-sugars 
than pure water will The diff user-juice, theiefore, is always 
somewhat, if only a little, purci W'hen the wateis are woiked 
back, and the pressed chips contain not only the non-sugars 
which would otherwise be lost in sweetening off and pressing, but 
also a small extra amount which has remained undissolved 

The waste waters always show an acid reaction which arises 
from acids dissolved from the cell substance, particularly fiom 
fine pulp. The degree of acidity depends upon the nature of 
the beets, the time they are kept outsid(‘ tlu‘ battery, mu I the 
tempciature. When the woik is pioperly cariu'd out, tlu' acidity 
does not increase, but vaiies within narrow limits It has no 
influence upon the diffusei woik or the quality of the juice, 
although it IS tiue that in some seasons the stiaineis of the 
filter-presses, and the pumps, may be acted upon nioie than 
ordinarily. If this is found to take place often, it is best to use 
brass or bronze to replace the worn parts. 

To obvxatc difficulties formerly encountered when the waters 
were earned d.reclly back, it has been proposed to defecate such 
waters with lime; to carbonatate until neutral, and then to filter. 
In this way it is evident that the small particles of pulp which 
pro likely to impede the flow of the juice will be removed most 
officiently and the water will keep better It appears, however, 
very questionable whether the gain is worth the expense involved 
in building an entirely new and extensive defecation, saturation 
and filter-press equipment, as well as the operation cost. 
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Furthermore, it must not be forgotten that defecation causes 
the removal of considerable quantities of valuable nutriment 
which when lime is not used would pass into the spent chips and 
be retained m the fodder Again, purer juice is not extracted 
by this method, as those substances which are removed by this 
special defecation ordinarily would bo retained by the chips or 
removed when the juice is defecated 

Besides the waste waters from the diffusers, the sweet-waters 
from the filter-presses, or from the boneblack filters, where still 
used, can be worked back in the diffusers by substituting this for 
fresh water, which would otherwise be necessary. By a very 
slight increase in the juice drawings the sugar otherwise lost in 
sweetening off can be recovered in the juice and the cost of 
evaporation lessened 

Juice extraction by alternate diffusion and pressing, like 
working back sweet-waters in diffusion, has already b('en much 
recommended, but it is only quite recently that the so-called 
press diffusion ’’ has been used in actual practice 

The apparatus required is one that works continuously, it 
consists of a number of scpaiato members, ('ach of which has a 
diffuser and a press compartment, all being connected diiectly 
together without valves or piping In the press compai tnicnt 
theie is a pressure-screw which serves to express the chips and 
at the same time foicc them into the diffiisei compartment, the 
latter forms the connecting-chamber to the next cell In this 
connecting-chamber the chips which have just been subjected to 
pressure come into contact with the juice fiom the following 
pressure-screw, the juice penetrates through the chijis and is 
thoroughly mixed in by a stirrer and carried to the next pressure- 
chamber Thus the chips travel upwards through the apparatus, 
which is vertical, passing up through all the other cells of the 
battery until they leave the last pressure-screw well pressed and 
more or less desugarized. The water required for the process 
enters under pressure in the outer chamber of the lasfc press, 
the chips coming from the screw making a seal The juice flows 
through the apparatus in the opposite direction to which the 
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chips are moving, leaving the last member in a concentrated 
condition 

This “press diffusion has, in many respects, groat advan- 
tages compared with ordinary diffuser work A continuous 
process is always advantageous. All valves and arrangements 
for emptying are unnecessary, there are no waste waters, as they 
are immediately forced onward, as fast as they are formed, by 
the fresh water, the desugaring of the chips must take place 
much more quickly, because the diffusion is aided by the pressing 
and the juice is drawn off in a very concentrated condition 

The complicated mechanism requiied for the above process 
must be reckoned as a disadvantage The ortlinary diffusion 
work has the great advantage that is it not dependent upon any 
means of mechanical ti ansportation , iL is only necessai y to pi ovidc 
arrangements for feeding the cells with chips and foi Hunovmg 
the spent material, and at ev(‘ry station where tlu' juiei' is to be 
drawn off very simple airangemcMits suffice, being in sight and 
easily accessible In the “piess dillusion” the tianspoitmg 
arrangements, the prc'ssun'-sciews, and tlu' stining-ajipaiatus, ait' 
entirely enclosed, in order to g('t at Ihein, it is necessary to put 
the whole appaiatus out ot action and jiartly I'lnpty it 

Accoiding to pres(’iit c'\peii('iice wath piessiiri‘-sci(*vvs, th(‘y 
only work well and uiiiloriuly when leguhirly fed, It is doubllul 
whether it is possible m “jness (hnusiou” to always satisfy this 
condition, partieulaily wduai the apiiaiatus consists of eight ci‘lls, 
more or less, and the eustomaiy e\ti action is (IcsihmI 

The amount of power ie([uir(*d for ‘^prt'ss diffusion” is «on- 
sidcrablc and increases with tlu* numbei of units (Muployial 

As regards the wear of the dilTeient parts of lh(' apparatus, 
particularly the strainers and the prossure-scri'ws, then' are at 
present no data, it should bo noticeable in the course of tune 
There are no results of factory experience available from which 
an adequate opinion could be based, but there is no reason for 
doubting that results can be obtained by this process, as regards 
purity of juice and quality of pressed chips, equal to those of 
diffusion, utilizing sweet-waters 
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C, Extraction by Pressure. 

While in earlier pressure methods the sole object was to get 
as high a sugar-content as possible in the juice, the modern 
processes work also for pure juice by simple expression in 
ordinary presses, but besides make a fodder rich in sugar and 
nutriment. 

In its original form, the ''Scalding Process,'' as it is commonly 
called, was carried out by mixing finely divided beets with four 
or five times their volume of extracted juice, heated to about 
100° C (212° F.), so that the beets were at once brought to a 
uniform temperature of about 80° C. (176° F,). By this means 
it was supposed that cells were burst, but that no diffusion 
which was considered injurious could take place since the scalding 
juice always had about the same density as that in the beets. 

In practice this process was not satisfactory, because the con- 
centrated juice (as high as 20° Brix) foams too much and too 
much sugar remains in the pulp residue. As now worked, the 
process is somewhat different. The beets arc cut into slices 
about two millimeters thick and immediately fall into a stream 
of six or seven times their volume of hot juice, by which they aie 
carried along in a scalding trough of special design 

In the latter a constant temperature of from S0° to 85° C. 
(176° to 185° F) is maintained by passing the juj^‘c stream, 
which carries the slices, through a hcatci Behind the scaldmg- 
:ank, the particles of beet are removed by a perforated screw 
through which the juice passes while the slices aic being sub- 
ected to slight pressure. While still hot the slices pass into the 
/he slice-press in which they are pressed to 30-35 per cent, dry 
lubstance and 10 per cent sugar. The expressed juice passes 
hrough a foam remover, in which the foam is removed by 
neans of steam or water, and then to the scalded juice. Pulp 
ind sand eliminators are also placed in the piping. By introduc- 
ng fresh water, or sweet-water, into the filter-presses, the juice 
s kept at 14° to 16° Brix, or, in other words, to about the same 
lensity as diffuser-juice. 
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It is obvious from the above that the process carried out in 
this manner is no longer one of simple pressing, but is combined 
with a true diffusion It is different from the processes already 
described only as regards the degree and method of effecting the 
diffusion. In those cases where the scalding process is carried 
out side by side with an ordinary diffusion, it is customary to 
carry the diffuser-juicc wholly or partly through the scalding- 
trough, using it, therefore, for the further enrichment of the 
juice. 

The amount of crude juice depends upon the dilution and the 
pressing; it varies from 80 to 95 parts for 100 parts by weight 
of beets and is from 10 to 20 parts less than in the usual diffusion 
process The purity of the juice is a little better than that of 
a normal diffusion, inasmuch as a somewhat greater amount of 
non-sugars remains together with the sugar, in the pressed 
residues. The increase in purity amounts to from one to two 
per cent , according to the nature of the beets, the dcgieo of heat- 
ing, and the amount of pressure applied After defecation, the 
difference in purity becomes much less, because defecation of the 
diffuser-juice causes the icmoval of moie impurities than docs 
defecation of the scalded juice 

The ready compressibility of the scalded slices, as has aheady 
been pointed out, is not due to the fact that th(' cell has been 
burst so much as to the fact that the cAh have been killetl It 
is, consequently, a matter of indifference whether the heating 
of the sliced beet takes place suddenly, or gradually dining ten 
minutes, as in the case of oidinary diffusion. The method of 
working, therefore, could be changed without any resulting injury 
to the compressibility, so that the slices would be giadually 
heated to a temperature of from 70°-8(P C. (15S°-176® F). 
To the favorable effect of the sudden heating has been ascribed 
the immediate killing of all the bacteria; but inasmuch as those 
must also lose their activity when the heating takes ten minutes, 
no advantage is gained. Furthermore, it is a matter of fact 
that the compressibility of the scalded slices is not one bit 
better than that of diffuser-chips which have lain for more than 
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an hour in juice at from 60°-S0® C F). In th 

diffuser-chips, however, there is only water, or a very thin sirup 
whereas a much more concentrated sirup remains m the scaldei 
slices. The dried substance, being 15-17 per cent of the weigh 
of the residues from the ordinary process when well pressed 
is increased to 30-35 per cent. Reckoned on the original weigh 
of the beets, there are 25-30 per cent of sugared slice” residuej 
which give 10-11 per cent when dried, these latter containing 
90 per cent of dried substance and 30-40 per cent of sugar 

The work according to this process is very simple and requires 
less attention than diffusion; although the slice-presses must be 
carefully watched to see that the expression is uniformly good 
Every cessation of work must be carefully avoided, because if the 
slices remain too long m hot juice at a tomperaturo of 90°- 
100° C (194°-212° F ), they become soft, swell up, and arc 
hard to pi ess. 

The real advantages of the scalding process ho m obtaining 
somewhat purer massecuites, in the possibility of woikiiig up 
largci amount of beets in the same amount ol tim(‘, and in the 
economy of coal consumption as compaiod with diffuser work 
combined with drying the chips TIk' amount of spac(' leciiured 
for the drying of the chips is also less on account of thi'ii iclatively 
largci amount of total solids Of course a greater yield of sugar 
in the juice and dry products cannot b(' obtained liy the press 
over diffusion, or by the diffusion battery wlune th(‘ swcu't-waters 
are woikcd back, although it is ('videut that the yield will he 
greater than in the case of ordiuaiy diffusion wlu'n' the swi'ct- 
waters arc discarded 

As disadvantages of the process should be considered the 
large amount of power required for the pi esses, and the fact that 
it is in all cases necessary to leave a large amount of sugar in the 
expressed slices. It is, therefore, impossible m seasons when the 
price of sugar is high and the valu(5 of the fodder low, to so change 
the manner of working that more sugay is obtained in the juice. 
In this respect the scalding process is less adaptable than press- 
diffusion, or ordinary diffusion with return of the sweet-waters. 
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Inasmuch as the yield of dry chips in the scalding process is 
almost twice as much as in the case of diffusion, the profit in the 
scalding process depends chiefly upon the market value of the 
^^sugar-shoes ” According to their chemical composition, they 
should be worth about 10 per cent more than ordinary dried chips 
At this rate it is impossible to earn more by the process than by 
diffusion with return of the sweet-waters and drying the chips. 
It is still a debatable question whether ” sugared chips as fodder 
are worth more as fodder, on account of favorable digestive 
effects, than their composition would indicate. The future of 
the process, thcieforc, depends upon the final decision on this 
last question and on that of the fodder value of sugar for different 
animals 

A modification of the scaldmg process, in such a way that 
more sugar is obtained in a marketable loim, consists in mashing 
the press residues aftei the fiist pressing with hot sirups and 
then subjecting them to anothei pr(\ssing alter chaining thcmi 
as completely as possible The dilute, impure sugai solution 
then mixes very cpiickly with the much \)iuoy juice which lemains 
in the residues, the lattei take up the* sirup and } iidd a sonu'what 
purei juice, so that the final result of thi^ tieatment is a pui'ci 
sirup and residues which contain considciably more of the im- 
purities of the siiup This method of lic'atment, howeveu’, 
causes the loss of some of the advantages which ai’cj charactei- 
istic of the scalding process, namely, low expcmsc of evapoiation 
and production of an unmixcnl, unailulieialed, dry fodder con- 
taining only the unchanged constituents of the beet 
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For drying with flue gases, either ovens or revolving-drums 
f.re used; the former have trough-shaped masonry floors m which 
are paddles which work the mass over and over as it is moved 
along. 

The ovens are seldom built on a level, but usually are in 
stories, one above the other. The furnace, which is on top, is 
fed with cheap coal, coke, or lignite, the draught being forced, 
so that the hot gases arc practically smokeless, their temperature 
being not over S00°-1000'^ C (1500°-1S00° F.) 

The gases pass back of the bridge-wall and come in direct 
contact with the chips and pass over them in the same direction 
in which they are moving over all of the shelves, which are 
invariably thice deep At once there is a largo temperature 
drop, because the evaporation from the wet chips and consequent 
heat absorption is very great At the end of the first shelf the 
gases are onl}^ at 200°“250° C (400°-500° F ) and at their exit 
70-100° C (100-212° F) according to the demands placed upon 
the oven. 

By the simultaneous action of the paddles of the carrier, 
which toss them up and down as well as shove them onward, and 
the strong air blast, the chips pass through the oven in about 
half an hour, the lighter paits more (puckly and the smaller and 
wetter portions more slowly With a water-content of 6-12 per 
cent they drop in regulai manner from the lower shelf into a 
screw-conveyor and pass out of the oven. 

The control of the apparatus is simple enough with ordinary 
care Of chief importance is regularity in feeding and expressing 
the chips. Aside from this the heating only requires to be 
regulated so that the gas temperature at the end of the first shelf 
is 200°-250° and at the exit about S0°-90°. If there i^ a quick 
rise of temperature at the end of the first compartment, it is a 
sign that the feeding of the chips is inadequate. This should 
be increased immediately, or if the supply fails, the fire doors 
must be opened and the draught shut off so that the hot gases 
escape directly into the air. It is also important that the 
capacity of the fan is suited to that of the oven, in order to insure 
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DRYING THE SPENT CHIPS. 

The question of drying the spent chips from ordinary diffusion 
is still not settled for all conditions It is an entirely agricul- 
tural one. In many sugar-houses the farmers take away the 
moist-press residues, preferring fresh or ensilaged fodder to 
dry. In such cases the sugar manufacturer has to govern 
himself entirely b3'’ the wishes of the contracting farmers, but 
if he grows his own beets, he should let figures decide the matter 
by making exact estimate of cost of efiuiprnent and the advan- 
tages and disadvantages of the fodders in his special case Chief 
to be considered in such reckoning is the saving m tiansporta- 
tion and freight by drying chips and the loss in food material 
caused by ensilage This is greater the highei tlie t('nip<‘iature 
at time of pressing and stoiing the chips, the less caie tak(m 
in storing them properly, the more sugar they contain, and tlie 
longer they are kept in storage 

In the ordinary method and period of ensilage, the average 
loss m weight and nutriment can be estimated as one-third. 
Speaking generally, it will be found advantag('ous to dispose of 
the fodder fresh during the campaign, drying the laigcr part 
remaining. 

Sugary residues, such as obtained by working back sweet- 
water from diffusion or from the scalding process, obviously 
must be dried. In these processes, a drying c(j[uipment is a 
necessary addition to the plant. 

The drying apparatus cither work by direct firing or by steam 
neat In the former, the hot flue-gases act directly on the 
chips; in the latter, steam is used for the heating-surfaces. In 
Doth cases the drying is aided by a strong air-current from fans, 
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proper dryness in the finished chips With a little experience, 
this can be readily determined by feeling of them with the hand. 

The strong draught carries away fine particles of the chips, 
which can be quite recovered by using a dust catcher, but 
the amount is small, perhaps 2-3 per ceut of the dried product 
In the drum drying-apparatus the chips enter simulta- 
neously with the hot gases, pass-ng through one or more 
drums, and are kept in motion by the revolution of the 
drum The difference between the different drum systems lies 
in different methods of feeding the chips and of introducing the 
hot gases As each individual drum or system of drums must be 
specially heated and fed with chips, while an oven with a capacit}'' 
of several drums requires only one fire and one place for feeding 
chips, it IS easy to understand why there is more attention 
required in keeping the drums filled with chips and the tem- 
perature right than for the oven, and furthermore the uniformity 
of heating which results from the massiveness of the oven is lost. 
Lack of sufficient attention in the case of drum-drying is much 
more likely to result in the overheating the chips, or exposing 
them too long, or, on the other hand, the pulp is often not 
sufficiently dried In the latter case it will not keep nearly as 
well. If these evils are avoided, it is possible to obtain very 
satisfactory results from drum-drying 

Drying by steam is accomplished in jacketed troughs which 
are built one over another and which aic enclosed in iron com- 
partments Bundles of pipes provided with paddles revolve m 
the troughs to stir up the minced chips and move them along, 
tossing them against the hot pipes The jackets are heated by 
exhaust, the pipes by live steam. The water-vapors expelled 
from the pulp are removed by suction, and by means of the 
latter considerable amounts of hot air are brought into contact 
with the pulp, thus hastening the evaporation. Dust catchers 
are used to peivcnt fine material going through the suction-fans. 
For steam drums to be eflScient, it is necessary that the chips bo 
minced in a hashing machine. The temperature prevailing in 
the ovens while in operation is under 100^ C., and in the troughs 
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the heat can scarcely exceed this figure even when the apparatus 
is stopped. Consequently there is no danger of the pulp being 
injured in any way through carelessness, for the temperature 
even in the steam-pipes is not high enough to cause browning, 
the chips retain theii natural color and porous structure, in 
contrast to those which are dried by direct heat, which are 
always darker-colored and harder 

Although there is no danger of burning in drying by steam, 
yet the process requires care. If the feeding is not regular, 
the product is now too dry, now too moist. In the first case, 
the steam consumption is excessive, the heat passing off in the 
air which is sucked through. In the latter case, the chips will 
spoil and must be rednod 

Compared with fiie-drymg, steam-drying has the disad- 
vantage that the pioccss cannot be forced and the operating 
cost is higher. Since the steam has to be produced by a separate 
furnace and a part is wasted in heating the air sucked through 
the apparatus, the steam process evidently uses more coal On 
the other hand, cheaper fuel can be used The equipment for 
steam-drying costs more and therefore the capital invested is 
greater, but there has been too little expciience to judge of 
cost of maintenance. The advantage of steam-drying lies m 
the fact that a superior product is obtained, so that in many 
places it would be preferred in spite of the greater initial cost 

A multiple use of heat is not possible cither m steam- or 
fire-drying Therefore the aim should be merely to utilize as 
much of the direct heat from the fuel as possible In the case 
of direct drying it has already been found possible to utilize 
80 per cent, of the total heat produced from the fuel, although 
this economy has resulted somewhat at the expense of the 
character of the dried bect-chips, their appearance improves in 
proportion to the amount of air introduced during the drying 
and to the lowness of the initial temperature, both of these 
conditions correspond to a waste of fuel 

The kind of fuel and the manner of firing affects the color 
of fire-dried chips. Firing with coke, which obviously is too 
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hold much water. The vaporization is so rapid that the chips 
never get beyond boiling temperature. Feeding experiments 
comparing fire- and steam-dned slices show that while the 
digestibility of the organic material as a whole is somewhat 
greater in the latter, the albumins in the former show a higher 
digestibility number These results are not altered in the case 
of rather dark-colored “sugared'^ chips which make a darker, 
moister product as the dark color is found to be due to but 
minute traces of decomposed sugar 

When soaked in water the steam-dried slices swell up quicker 
and take up more water than the fire-dried product, but this 
is in part due to the mmcing to which the former have been 
subjected. 

The ash-content of the directly dried chips, calculated upon 
the basis of diy substance, is always higher than that of the 
steam-dned chips, because the former are always contaminated 
with a little chimney-ash. • 

The increase is at most but small, seldom 0 5-1% of the 
dried substance The freer the dried slices are from dust the 
better the fan works, hence the less ash, all of which is dependent 
on the efficiency of the dust-catcher 

The amount of dried product obtained from 100 parts of beets 
depends upon the amount of pulp and upon the method of juice 
extraction By the scalding piocess the yield, as already shown, 
according to the juice concentration, is 9-11 per cent “sugaied’' 
chips, these containing 30-40 per cent of sugai The ordinary 
diffusion process gives 5 to 6 per cent , accoiding to the amount 
of dry substance lost m the press-wateis, and to the care exercised 
m catching the pulp particles These latter chips usually contain 
2-5 per cent of sugar Using diffusion with recovery of sweet- 
waters the yield of dry chips, according to the lixiviation, lies 
between the limits mentioned 

If a properly working dust-catcher, such as the ''cyclone/^ 
is installed behind the fan, loss in chip substance is at an end. 
The fine pulp particles, contaminated with 20-25 per cent of ash, 
will be entirely trapped The amount of this chip dust is trifling, 
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dear, and with lignite, gives the lightest-colored chips. Of 
anthracite coals, only xininflammable dustless nut-coal is suitable, 
and this ought to be sprinkled with water before being put in the 
furnace. To keep the fine ash out of the chips there should be 
a large space behind the bridge-wall to allow the ash to settle 
and be drawn off, most conveniently by a drain Automatic 
stokers work very well. 

In order to save fuel, it has been proposed to utilize the heat 
of the spent boiler-flue gases m a special drying-apparatus, or 
for preliminary driers to the drying-ovens A simple calculation 
will show that the heat of the boiler gases is barely sufficient to 
dry 50 per cent of the chips How the quality of the chips would 
be affected by such gases, full of soot and fine ashes, has not yet 
been found out It is, therefore, not possible to say whether 
this method would have practical advantages. Experience has 
shown that only moist beet-chips, continually moving, can be 
brought in direct contact with hot combustion-gascS. Dried 
chips continue to grow more or less brown, and the danger of 
burning is great Boilcr-flue gases can be used to advantage 
in steam-drying apparatus, but the necessary construction would 
be too expensive 

What has been said concerning the drying of chips from the 
ordmary diffusion process applies also to the '' sugared chips 
of other processes 

The question has never been definitely settled in regard to the 
changes in the composition of the spent beet-pulp which take place 
during drying. The sugar apparently remains almost entirely 
unchanged, at least if the firing is so conducted that the dried 
slices keep light colored. The digestibility of the other con- 
stituents do not seem to have suffered noticeably either in fire- 
or steam-drying, except the albumins which are affected if the 
heat has risen above 120^-130^ C (250^-270° F). Hciico the 
digestibility of browned or slightly scorched chips is always 
perceptibly influenced In normal work there will be no 
scorching, as the slices never attain the temperature of the 
surrounding gases, especially at their entrance, where they still 
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about 2 to 3 per cent, of the dried product. This material makes 
a good fodder when mixed with molasses, as it contains at leasi 
75-80 per cent of pulp substance, but owing to a large minera 
content it should be fed only to animals with good digestions 
The keeping qualities of the dried residue arc excellent, 
provided the drying has been thoiough and uniform and the 
water-content is not more than 12-14 per cent , and it is stored 
in a dry place, 'l^'^hen stored in moist places and against damp 
walls mold is very likely to form Dried chips which are carried 
to a low water-content take up water again from the air till 
the percentage becomes 12-14, with, of course, a corresponding 
increase in weight Twelve to 14 per cent is in fact the normal 
water-content of not only air-dried bcct-chips but that of most 
dried organic material “Sugared” chips should be cooled before 
storing, cooling-drums being used for this purpose 

Frequently the pressed chips, while still moist, are treated 
with fiot molasses before fire-cliymg them, from foui to five 
parts of molasses being added to aliout 300 parts of piessod chips, 
or the proportion originally present m ili(‘ bt‘('ts The molasses 
is sucked up very quickly by the piessecl chips, and the drying 
takes place in the usual way, although a slight eaiaimd foimation 
cannot be avoided, because the molasses eolleets mostly on the 
outer layers It is better to make “ molassc's (diips ” by mixing 
the molasses into the clued chips as ihe^y eonio fioin th(‘ oven, 
still warm The inolassc^s is quickly absorbed by both classes 
of chips, if, of course, they are warmed to 70°-90® C (160°- 
195° F) Molasses can be woikcnl into the dried chips up to 
half their weight or more and a dry fodden results which is easily 
preserved and handled It contains 20-25 per veni of sugar 
and is worth a good deal more than the “sugared” chips. 
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THE PRELIMINARY PURIFICATION AND WARMING OP THE 

DIFFUSION-JUICE. 

The raw diffusion-juice as it comes from the diffuser is a pale- 
yellow or grayish-colored, turbid liquid which very quickly turns 
dark on exposure to the air, so that after a few minutes it becomes 
almost black This blackening is caused by the oxidizing action 
of certain enzymes (oxydases) on a constituent of the juice 
such as tyrosin This juice contains practically all of those sub- 
stances which were dissolved in the beet and which have been 
extracted from it by diffusion S6-0S per cent of the sugar in 
the beet is extracted ordinarily The following approximate 
amounts of non-sugars go into solution of the ash, 05 pci cent , 
alkalies, sulphuric and phosphoric acids, and chlorine, 70-S0 per 
cent , lime, alumina, and ferric oxide, 20 per cent , protein 
nitrogen, 15-25 per cent , other nitrogenous matter, 00 per cent. 
The non-sugars go into solution in proportion as they are present 
in the beets. 

The non-sugars which are not removed by the defecation and 
carbonatation of the juice can be termed the injurious non- 
sugars, as they lessen the sugai yield Of course, it should be 
noted that precipitable non-sugars are also injurious in so far as 
they cause factory troubles, such as poor filtration and scale 
in vacuum apparatus The really injurious non-sugars as defined 
are alkalies and soluble non-protein nitrogenous matter Ordi- 
narily the density of the juice lies between 12 to 15 degrees, Brix, 
correspondmg to from 10 to 13 per cent of sugar. The nature 
of the organic non-saccharine constituents is for the most part 
unknown; all that is established is that for 100 parts of sugar 
there are from 2 to 2i parts of albumin, 2^ to 3 parts of other 
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nitrogenous matter, i to 1 part of reducing substances, 1 part 
pentosans, and 0.4 to 0.8 part of oxalic acid. The inorganic 
constituents are chiefly potash, with some soda, hme, magnesia, 
phosphoric acid, sulphuric acid, chlorine, and small amounts of 
other acids and bases The crude juice always shows an acid 
reaction, this acidity corresponding to 1-2 c c. of normal acid in 
100 c.c of juice. 

The prelimmary purification serves to remove all the pulp and 
fibres of beet which are mechanically earned through the strainers 
with the juice, and furthermore to precipitate a part of the dis- 
solved matter previous to defecation 

The removal of the stray pulp and fibres previous to defecation 
is something that should never be omitted nor its importance under- 
estimated Those substances act detrimentally, first of all, by de- 
positing upon the heating-surfaces of the calorizators and reducing 
their efficiency In case they get as far as the defecation they are 
decomposed by the lime, foiming slimy substances which to some 
extent contaminate the juicc, though they are partly precipitated 
during carbonatation in such slimy scums as to impede filtration 
through cloth very much 

For the mechanical filtration of diffuser-jiiico, pulp- or chip- 
eliminators are used, of which theio are a great imm])ei of dithuiuit 
construction In all cases the filtration takes jdace through a fine 
metal sieve, or strainei, which is kept free from fibre <luriiig the 
operation by means of brushes or scuipers suitably arriiiigcMl, so 
that the residue which does not pass through the st.rainer is readily 
removed These puli>ohmmatois act better in proportion as the 
holes of the strainer ere small, the filtering surface is large, nnd the 
contrivance for removing pulp efficient. 

f The pulp-eliminators must be arranged in the juiee-lino, 
between the battery and the measuring-tank, ahead of the heaters, 
so that the residues can be returned conveniently to the cUffusiu 
and the juice in these residues recovered. The eliminators should 
discharge into a diffuser which is being freshly filled and which 
is already half-full of fresh chips before the contents of the 
(eliminators are added. This precaution is absolutely essential, 
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because m this way the fine chip residue's and fibres arc‘ thc'n 
in. the midst of the good chips and will not apiiivcuilily hintler 
the passage of the juice, whereas if they were allovvc'd to rc'st 
upon the strainer in the diffuser they would vStop up tiu' hoU's 
and cause bad pressure m the battery. b]ven when the pulp is 
properly mixed into the cell it sometimt's caus('.s troubh' For 
this reason, in some factories, the juice is simply allowed to drain 
from the recovered chips, which are then mixed with the pn'sscal 
residues. The slight sugar-loss is held to lie the lesser of two ('Vils, 
The fact that albumins arc coagulated by wanning tlu' juice, 
particularly when it comes fioni the pressed pulp, has causiMl the 
introduction in some factories of the so-calleil albumin-filters/^ 
through which the juice is filtered and said to be fu'ed from 
albumin after it has been heated to 80° C (170° F ). The whole 
idea, however, is based upon ciioi, for by warming the juiec' only 
a very little albumin separates out, and in such a condition that 
it cannot be removed by filtration TIk' total amount of albumin 
in the diffuser-juicc amounts to aliout 0 2 to 0 3 per e(*iit, , and of 
this only about 10 per cent (or 0 02 to 0 03 piu c(‘nt of th(' jui(‘(0 
can be coagulated This amount of mipuuty nc'ed baldly lx* 
considered, or at all events, will not warrant the outlay foi an 
expensive appaiatus It docs no good to acidity the crude juic(' 
with sulphuious acid before healing, because' it curdh's tlu' 
albumin no better than heating alone Fuithermoie, tlicK' is 
no sense in attempting to remove this coagulat'd alliuimn bc'fore' 
the defecation, because the albumin is not acte'd ui)on by the' 
lime under the conditions and duung the' shoit tiiiu' ol tin* 
defecation process, and hence it goes through tlu' filtc'r-prc'SM's m 
an unchanged condition If, m spite of this argunu'ut., aii} om^ 
believes that these albunun-rcmov(?rs have provi'd usc'ful, the 
cause is to be found in the fact that they have probably act'd as 
good pit^p-removcrs If those albumin-filters are very capacious, 
so that in some places the juice is not in contsant motion, it is 
possible for them to be the cause of much harm; for in such 
cases they permit certain injurious changes through the action 
of micro-organisms. 
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The preliminary purification of the diffuser-juice has also been at- 
tempted by the use of sulphurous acid, aluminium sulphate, baryta, 
the electric current using soluble electrodes, and by electro-dialysis. 
These and similar agents do cause separations and precipitations 
of non-sugars as well as a partial decoloration. Inasmuch as 
nearly all of these non-sugars arc likewise precipitated by lime, it 
seems purposeless to replace the inexpensive lime by other dearer 
agents which accomplish little if any more good, and even if they 
are slightly more efficient, the gam is not commensurate with the 
mcreased cost 

The Preliminary Warming of the Diffusion-juice. — In the 
measuring-tanks the juice from the diffusers has a very variable 
temperature; the latter depends upon the method of working 
and the temperature of the chips, so that with an ordinary 
method of working the temperature in the tank may \ary 
from 0° to 40° C (32° to 104° F ), but m most cases it lies 
between 25° and 35° C. (77° to 95° F) In case the diffusion 
process is conducted so that the juice runs rejieatedly thiough 
freshly-filled diffusers, its temperature at the tank may 1)0 as high 
as 70° to 80° C (160°-180° F), and in such cases it is ready lor 
defecation without further treatment. It is nccessaiy in most 
cases to bring the juice to the pioper temperature by passing it 
through tubular pre-heaters, which may be arranged vertically oi 
horizontally, and sometimes are open and sometimes closed 

The heating of the juice serves at the same time to coagulate 
those substances which aie coagulated by heat, thus rendering 
them insoluble, in which condition they resist the decomposing 
action of the lime more strongly The substances which thus 
separate out are to some extent albumins, but chiefly compounds 
free from nitrogen 

Generally open pre-heaters arc used, because the tubes can 
be cleaned while they are m operation They have the dis- 
advantage of not being so clficient and of having the surface 
of the juice exposed to the air They become more efficient if 
the passage of the juice is hastened by means of pumps, or screw 
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propellers, and if fitted with mechanical contrivances for clean- 
ing the tubes while they are in use 

Closed pre-heaters are preferable to open ones, and in these 
the juice is made to run quickly through a series of tubes arranged 
in separate sections In such heaters there is not so much precipi- 
tate adhering to the heating-surface of the tubes, and consequently 
their action is quite uniform 

The best heating arrangement consists of batteries of separate 
single heaters containing long tubes of small diameter and in which 
the juice is moved at the rate of at least one or two meters per 
second by means of pumps. Although there is but a slight deposi- 
tion upon the heating-tubes when the juice is moved so quickly, 
yet it IS necessary to provide each heater with suitable valves so 
that it can be shut out at any time and be cleaned wthout interfering 
with the process in any way The efficiency of such heaters is so 
much greater that their heating-surface can be made considerably 
smaller than in the open heaters, or the steam by which they are 
heated may be at a lower pressure 

The capacity of these heaters should not be too great, because 
in such cases the juice will remain too long in the heater, and 
consequently the continued heatmg of the raw juice will injure it, 
causing, in particular, a perceptible inversion of the sugar An 
acid reaction has no influence when the juice is heated the 
normal period, yet when acid juice is heated for some time at a 
temperature of 90° C (194° F ) or higher, inversion begins 
To prevent this, sometimes a little milk of lime (about 0 2 %) is 
added, just before the juice reaches the heater, in order to make 
it slightly alkaline. This addition of lime is also said to lessen 
the deposition upon the heating-tubes On the other hand, 
addition of lime to the cold juice is frequently found to have an 
injurious effect, causing the juice to run badly through the 
filter-presses Hence prelimmary defecation has not been prac- 
ticed to any extent, and in most cases such treatment is wholly 
unnecessary 

Most factories have two of these heaters, or two systems of 
heaters, the first heated by vapor on its way to the condenser 
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from the last vessel to the multiple-effect evaporator, thus warm- 
mg the diffusion-liquors to about 45° or 55° C. (113° to 131° F.) 
without expense, and the second heated by the vapors from the 
juice in the first evaporator, bringing the juice to the temperature 
necessary for defecation, that is, 70° C (158° F.), or, better still, 
to 80° or 85° C (176° to 185° F ) 

Since at the start there arc no evaporator-vapors for these 
heaters (and this is true of other heaters in the factory), it is 
necessary to heat them with direct steam or else with the engine- 
exhaust. At the beginning of the work, when the juice, apparatus, 
and heating-tubes are all cold, special attention should be paid 
to this heating of the juice, for if this is not done the whole 
process suffers. 

Each heater must be arranged so that it can be cut out from 
the juice-line when it becomes clogged or leaky In order to dis- 
cover any leakage it is necessary to examine the condensed water 
regularly for sugar. In these preheaters there is more danger 
of loss by leakage than in the evaporators, for m the former the 
pressure is usually greater within the tubes than without, whereas 
it IS exactly the opposite m the evaporators 

In order to prevent corrosion of the hcatmg-tubes by ammonia 
vapors, here as in the evaporating-apparatus, suitable vents must 
be provided. 
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DEFECATION 

The hot, raw juice is next subjected to the action of lime, 
whereby it is purified, or defecated Formerly it was the almost 
universal practice, still retained in some factories, to add milk of 
lime to the juice and then immediately saturate the saccharine 
solution with carbonic acid. When this was done a large part of 
the lime was changed to carbonate before it had suifficient oppor- 
tunity to purify the juice, so that as a necessary consequence a 
much larger quantity was required than when carbonatation takes 
place by itself and in separate tanks. 

Distinction is made between milk-of-lime, or wet^ defecation and 
dry defecation In both cases a part of the lime is dissolved by 
the juice. While the greater part of it remains suspended and un- 
dissolved. The solubility of lime in sugar-solutions depends upon 
the amount of sugar, the manner of adding the lime, and the 
temperature At ordinary temperatures, if the lime is in contact 
with the thin juice for a length of tunc, approximately enough 
lime dissolves so that the proportion of calcium to sugar coric- 
sponds to the formation of a monosucratc of calcium in the 
solution The higher the temperature, however, the less lime 
dissolves, so that at the temperature of 80"^ C (17G° F), which 
usually prevails during the defecation, only 0 25 to 0 35 pait 
of lime will be dissolved in 100 parts of the juice containing 10 
to 12 per cent, of sugar 

The Wet, or Milk-of-lime, Defecation is carried out by the 
addition of a thick milk of lime of about 20° B6 to the hot raw 
juice. The defecators are provided with a simple stirring arrange- 
ment for mixing quickly. When milk of lime is added directly to 
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the carbonatation-tanks the introduction of the saturation-gas 
mixes the liquid. 

In smaller factories milk of lime is frequently i^ropared by slaking 
the lime in flat slaking-pans It is much better, however, to 
make use of slaking-drums, similar to bone-black washers, for in 
these the slaking is more complete and without fatiguing labor. 
The last sweet w’ater from the filter-presses is used for slaking water. 
Where this is not available in sufficient quantity, it is advisable 
not to use cold spring-water, but rather pure condensed water 
from the evaporating-apparatus or thin juice. 

In order to remove soluble matter present in the lime it has 
been proposed, and the practice introduced in some factories, to 
slake the lime with a large amount of water, allow the liquid to 
stand, and then run off the clear supernatant liquid containing the 
soluble impurities. Most varieties of burnt lime, however, contain 
scarcely any impurities which are soluble in water, and of such 
only the salts of the alkalies are woith considering, for those con- 
stituents of lime which are difficultly soluble or dissoKe very 
slowly, such as, for example, silicate of lime and alumina, will 
never be satisfactorily removed, for the simple reason that they are 
much more soluble in sugar-solutions than in pure water. It is 
difficult to see the advantage to be gained by the above method of 
slaking the work is made harder and the advantage of using a 
freshly slaked lime is lost The longer the slaked lime stands the 
less energetic becomes its action upon the juice, probably because 
caustic lime combines slowly with large amounts of water. Lime 
which has lam slaked in the pits for a long tunc acts slowly and 
only incompletely upon sugar-juicc 

Dry defecation is done at the present time only by adding 
pieces of burnt lime about the size of one's fist to the juice at a 
temperature of at least 65° or 70° 0. (149° to 158° F ) Using 
powdered lime has been found expensive, while this extra pulvoriz- 
mg is entirely unnecessary. Frequently, and particularly when 
the lime-powder is not added regularly, the pipes are clogged, the 
powdered lime balling up into a sticky mass which distributes 
itself slowly, or not at all, through the juice. The defecation then 
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takes more lime, is incomplete in its action, and the subsequent 
carbonatation is likewise afYected 

When buint lime is thiown into hot juice it immediately begins 
to slake. Since there is always a strong evolution of heat in\olvcd 
in the slaking process (1 lb. of lime sets frcc3G0hoat-units, B.T.U ) , 
and because overheating of the juice at one place is disadvantageous, 
it is necessary to pay particular attention to the construction of 
the tanks used for the dry defecation, this is especially true in the 
case of lime which slakes quickly and energetically. 

The old-fashioncd method of dry defecation, by which a basket 
having perforated sides was hung in the juice, should be discounte- 
nanced For a scientific dry defecation the following rules should 
be followed 

1. The lime must come in contact with the juice m a flat 
layer. 

2. The juice, and often the lime also, must be constantly kept 
m motion 

»3 Emptying out of stones and other dcliris must be easily 
and rapidly effected 

These conditions will be satisfied if the lime is spread out in the 
tanks upon cither a revolving or a fixed stiamer, while the juice 
IS kept m motion by means of a stirrer with arms both above and 
below the strainei The pans must bi^ piovulod with manholes 
through which the vstones, et(* , can be removt^d, oi the sieves 
themselves should be removabh' 

Dry as well as wet defecation can be made a continuous process 
by allowing juice to enter at the bottom of the dcfecation-tanks 
and to overflow in the upper pari,, thence passing on to the cailion- 
atation, the necessary amount of lime being added each time that 
a measuring-tankful flows through the defecating-tanks A special 
valve is provided for emptying pans, being used when necessary to 
remove stones and sludge, a more or less frequent occurrence 
accordmg to the nature of the lime employed. 

The method of defecation to be preferred depends upon condi- 
tions havmg nothing whatever to do with the action of the lime 
itself; for, with respect to the purification of the juice, no difference 
has been found in results obtained with either of the two methods 
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when properly carried out, and theoretically it is difficult to see 
why there should be. 

Dry defecation is preferable when there is but little sweet 
water from the presses which is available for slaking the lime and 
when the lime-ovens are in the vicinity of the defecating-tanks, so 
that no special transportation arrangement is necessary for bringing 
lime to them Wet defecation, on the other hand, is emiiloyod in 
factories which find it advantageous thoroughly to sweeten off 
the filter-cake and where, the kilns arc so situated that it 
is easier to pump up the milk of lime than to transport it in the 
form of dry lumps The latter consideration is not very impor- 
tant, however, because it is always possible to place defecating- 
tanks near the lime-burners by pumping or running the juice there 

Another point in favor of dry defecation is the fact that the 
action of the lime is quicker and more energetic than m wot liming, 
so that by the former the same extent of purification may be 
obtained by use of a smaller quantity of lime Furthermore, the 
juice when subjected to dry defecation retains a large amount of 
dissolved lime and passes on somewhat more rapidly to the car- 
bonatation-tank, and consequently there is a more economical 
utilization of the carbonic-acid gas P^mally, it is questionable 
whether it is wise to sweeten off the filter-scum very much, hufc 
when this is not done there is not enough sweet watei available to 
slake the lime Hence in wet defecation it is necessary to use 
water at the slaking-plant, since it is not usually considered wise to 
pump either crude juice or the | unified thin juice back there, 
consequently, all other conditions being equtal, factories employing 
wet defecation use up a little more coal than those employing dry 
defecation In passing, it may be mentioned that slaking ilic 
lime warms the juice, while in slaking with sweet water there is a 
slight cooling from the evaporation. In general, therefore, unless 
particular conditions worlc to the eontrar}^, it may be said that 
dry defecation is usually preferable. 

It should be mentioned that certain experiments with dry 
defecation have apparently shown larger losses in sugar and inferior 
purity of the juice than when wet defecation was used. These 
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experiments are misleading, however, because, from improperly 
carrying out the dry-defecation process, some insoluble sucrate of 
lime was formed which was not decomposed by the carbonatation 
which followed. Similarly the disadvantage of producing gray 
sugar, often attributed to dry defecation, is not in reality true, for 
when the gray color appears it is from other causes 

Insoluble calcium sucrate is formed in dry as well as in wet 
defecation, because the insoluble calcium salts formed by defecation 
have the property of carrying down with them soluble calcium 
salts, and therefore calcium sucrate Insoluble calcium sucrate is 
precipitated in small amounts from all defecated juice if the latter 
is heated much after defecation, in this case there is more 
precipitate formed after dry defecation, for the simple reason that 
there are more lime salts in solution than in the case of wot defeca- 
tion. It is, therefore, necessary carefully to avoid heating defecated 
juice until after it has been fully satuiatccl with caibonic-acid gas, 
while all overheating as a result of the liquid coming in contact 
with the hot heating-surfaces must bo guarded against Con- 
sequently the temperature of the law juice should b(' high (mough 
to make it unnecessary to heat the juice again until afU'r the 
completion of the first saturation process 

The action of lime upon raw juice is both chemical and mechan- 
ical. Lime acts chemically as a precipitant and decomposes the non- 
sugars; the mechanical purification is duo to the' fact that sus- 
pended matter is cairiod down with these' pi(‘(‘ipitates In uiw 
juice not only fibres and fine pai tides of beets whudi wer(‘ not 
removed by the pulp-eliminatois arc in suspt'nsion^ but also all 
bodies thrown out of solution m warming the juice Theie is also 
in suspension a certain amount of micro-organisms and goims 
which if allowed to remain in the juice too long make their jiresc'nco 
evident in an unpleasant mannci by inverting sugar and causing 
souring. 

,The slimy precipitate formed by the lime settles out readily 
at the bottom, the supernatant jmcc being of a hght-yellow color, 
bright, clear, and absolutely sterile. It is easy to make a separation 
such as the above with expressed beet-juice; it cannot be done 
with diffusion-jmce, although the latter filters easily when treated 
with sufficient lime. 
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Tte chemical action of lime upon the non-sugars is accom- 
plished first of all by the lime neutralizing the free acid and acid 
salts present, and forming insoluble salts with a part of the organic 
acids and inorganic acids, particularly oxalic and phosphoric acids, 
all substances being precipitated which are insoluble in a solution 
alVfllinft with hme The alkalies which were combined with the 
precipitated acids in the raw juice, such as ammonia and organic 
bases, are set free and act, together with the excess of lime added, 
upon the non-sugars The alkalies, being the strongest bases, 
at once unite with those acids which give no insoluble compounds 
with calcium, to the extent that these acids are present in the juice, 
while ammonia and the organic bases remain uncombined 

Of the organic impurities remaining dissolved, many suffer a 
more or less complete decomposition, particularly invert-sugar, 
the amides, amines, and albumins. Those acids yielding solu- 
ble salts with lime and which are, therefore, not precipitated, unite 
first of all with any free alkali present, and finally with the lime. 

Lime, therefore, acts upon the juice in the defecation jirocess 
as a purifying agent, the purity being increased by the precipitation 
of the non-sugars; furthcimore, it changes the nature of certain 
of these non-sugars without appreciably removing them Both 
actions are very favorable for further working up of the juice, and 
certainly the latter is no less valuable than the former In general, 
it may be said that the amount of the non-sugars precipitated i.s 
less than is commonly supposed By defecation and carbonata- 
tion, the purity of the juice is only impiovcd from 1 to (i 
per cent. Of the 12 to 15 parts of non-sugar present in each 100 
parts of dry substance contained in the raw juice, only one-fourth, 
or at the most one-third, is precipitated, being 30 to 50 pci cent 
of the organic matter, 30 to 40 per cent, of the nitrogenous 
matter, and 10 to 20 per cent, of the ash. On the other hand, 
the value of this decomposing action of the lime is not sufficiently 
taken into consideration. By the decomposition which these 
substances undergo many properties are lost which if retained 
would act unfavorably upon subsequent processes, and especially 
upon the crystallization of the sugar. 
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The alkalies present in the raw juice are not removed by defeca- 
tion. A small part is indeed precipitated with the lime m the 
carbonatation, but by far the greater part remains in solution 
combined with acids (as carbonate and sulphite after carbon- 
atation) or as free alkali, and is found again finally in the 
massecuite. 

The amount oi free alkali present in the defecated juice depends 
entirely upon the acids with which the alkalies were combined in 
the raw juice. If the latter contains many acids, like oxalic acid, 
parapectic acid, etc , that form insoluble compounds with lime 
and the amount of acid present after defecation is insufficient to 
unite with all of the alkali, a considerable amount of the latter 
remains free, which during the defecation and in the subsequent 
operations decomposes the non-sugars In such juices, which 
therefore contain carbonates of the alkalies after caibonatation, 
a decrease in alkalinity during evaporation acts in no way 
detrimentally Lime salts aic not present, or at least only in 
traces If the diffusion is good with a thorough lixiviation the 
amount of alkalies and their salts increase, as soluble alkaline pcc- 
tinates are dissolved, while the lime salts generally decrease^ 
somewhat. 

If, on the other hand, the acids originally com])inc(l with the 
alkalies form only soluble salts with lime, they unite with tlio 
alkahes set free in the defecation process, icplacmg the lirno in 
these salts either during defecation or subsequently in carbonation 
Free alkali or alkaline carbonates arc not present at all in such 
juices, and the alkalinity which must finally be retained by them 
is occasioned not by the true alkalies but by ammonia, organic 
bases, or free lime If the decomposition of the invert-sugar, 
amides, albumins, etc., be not completed by defecating juices of 
this nature, later on the juice may react neutral or even acid To 
avoid this the saturation (carbonatation) of the thin juice in such 
cases must not be earned so far as to remove free lime completely, 
for the decomposition is effected in the desired way during the 
subsequent operations and the lime eventually unites with the 
acids set free Such jmces are, therefore, always rich in lime salts. 

As far as can be done, all possible decomposition of the non- 
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sugars by lime should take place during defecation. It is entirely 
impossible, however, to complete this decomposition at this latter 
stage, because some of these substances, chiefly the amides and 
bodies similar to the albumins, decompose altogether too slowly 
under the conditions prevailing at this point, also because it is not 
advisable, and indeed dangerous, to lengthen out the defecation 
too much, or to maintain a high temperature, unless one wishes to 
risk redissolving certain of the precipitated non-sugars Further- 
more, the conditions prevailing during the evaporation arc so 
favorable for the completion of these decompositions, as will be 
shown later on, that it would be bad practice to carry out the 
defecation in any other way than that giving proper piecipitation 
of the insoluble matter and consequent easy carbonatation. 

With regard to the most favorable temperature for defecation, 
experience has shown this to be between 70® and SO® C (158°-17G® 
F.) for normal beets 

Cold defecation has been tried and locommended on the assump> 
tion that lime at high temperatures decomposes a poition of the 
precipitated substances, bnnging them into solution again. How- 
ever, proof of this assumption is lacking, many cxpc’nmcnts, on 
the contrary, showing that there is practically no diffen'nco between 
hot and cold defecated juice in case the latter is heatcnl aftei it 
comes from the filter-presses, and as long as the action ol thi^ lime 
takes place within the limits employed in practice. Cbld (l(»fecation 
should not be introduced into the industry, because the s(*ums 
cannot be filtered quickly enough even when infusorial earl-h or 
a similar substance is added. 

Temperatures above 90® C (194® F),or even the lioiling- tem- 
perature, are not to be advised for dcfc(*ation. Only when boots 
are of bad quality and contain considerable invert-sugar and other 
substances decomposable by lime, do high temperatures exert a 
favorable effect, although even then long boiling, or even boiling 
at all, should be avoided, because it is likely to cause precipitated 
substances to redissolve. The opinion that defecated juice which 
has been boiled up yields scums which can be more readily filtered 
off is not confirmed; on the other hand it is difficult to saturate 
boiling-hot juice with gas and the scums hold back sugar. 
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The duration of the defecation must be kept within certain 
definite limits At the relatively low temperatures of from 70° to 
80° C. (158° to 176° F ) about fifteen minutes is the proper length 
of time, while at higher temperatures five to ten minutes is 
sufficient. 

The amount of lime deemed necessary in different factories 
varies between wide limits For neutralization of raw-beet juice 
and precipitation of those substances which lime will throw down, 
only about 0 15 to 0 20 per cent, of lime, reckoned upon the 
amount of juice, is necessary. True defecation, that is, one in 
which the scums are readily deposited, leaving a clear supernatant 
juice, is obtamed by adding from i to per cent of lime, but 
with this amount it is not possible satisfactorily to complete the 
process, since the sludge thus obtained will filter very slowly. 
A juice which will filter satisfactorily is obtained by the addition 
of from li to 2 per cent of lime 

The addition of a small amount of “ Kieselguhr ” (diatomace- 
r US earth) before defecation assists the precipitation of the 
albumins, so that only about 1 per cent of lime is necessary for 
obtaining a juice that filters easily. Apparently the kieselguhr 
acts mechanically only, making the scums more porous, just as 
do other absorbent materials, such as brick dust, which also 
economize the amount of lime necessary for defecation, when the 
beets are of good quality Whether such addition pays depends 
on the cost of the material compared with that of the lime saved 
However, in many factories where this amount is accepted 
as a minimum, it is not considered adequate and 2^ to 3 per cent 
or more lime is added with the feeling that in this way a better 
purification of the juice is obtained. It is certainly true that 
where larger amounts of lime are employed juices of lighter 
color are obtained which also contain less dissolved calcium 
salts; but with regard to the actual purity of the juice, up 
to the present time there has been found to be no perceptible 
influence in the use of a smaller or larger quantity of lime. 
Moreover, the decomposition of the substances which are acted 
upon by the lime does not take place more rapidly or ener- 
getically when an excess of lime is employed because only the 
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lime that is in solution is active; the amount of lime dissolved 
depends solely upon the sugar-content and the temperature, and 
not at all upon the quantity added. For this reason the more or 
less favorable action resulting from the use of considerable limo 
is shown not during the defecation, but afterwards, in the carbon- 
atation. Whether the advantages which result there are sufficient 
to coimterbalance the numerous bad effects arising from use of too 
much lime must be figured out for each particular case. Use of 
large amounts of lime occasions not only additional expense m 
providing lime and carbonic acid, but also causes an increased 
amount of scum and greater losses of sugar retained by them, 
making more filter-presses and a larger lime-kiln necessary. If it 
be desired to manufacture a paiticiilarly clear juice, as is the case 
with factories making the finer grades of sugar, then the use of a 
relatively large amount of lime seems justifiable, but hardly in 
those factories making ordinary sugar In woiking up a jiartic- 
ularly bad lot of beets it sometimes seems bettor to lane strongly 
in order to improve the working of the filtci -presses. 

The amount of milk of lime to be added to the raw juice is 
measured off in ordinary or automatic moasuring-tiinks It is 
highly desirable that the density of the milk of lirnc' should be 
uniform, and that of 20° Uaume has jiroved most su liable, for 
otherwise there is likely to be \aiiatiou ui the amoun<.s of lime 
added to the juice In the ease of diy defecation the linu' should 
be broken up into lumps of as nearly the same size as possible, 
which may be either weighed out or measured While' it would 
seem as if weighing out of the lime would be more accuiuite, as a 
matter of fact measuring is prefcralile, as in this case the' inlluoncc 
of badly burnt and consequently heavier lime is not so si'rious. 

Lime should be used fresh, or as soon after it has been biiint 
as possible, as it then slakes most rapidly. Crumbling which takes 
place on long standing is caused by formation of calcium hydroxide 
and carbonate from contact with moisture and carbonic acid in the 
atmosphere. It will be found necessary to use larger amounts of 
such lime. It is best to remove fuel-ash as completely as possible 
from lime which has been in direct contact with the fuel in the kiln, 
to avoid contaminatmg the juice. 
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CARBONATATION, 

Carbon dioxide, taken from the limc-kilns, is the reagent used 
for precipitating lime m the defecated juices. 

Formerly there was a wido-spicad fear that carlionic acid in 
contact with the scums would act as a solvent of the jirecnpitatcd 
matter, based on the fact that a blackening of the juice and scums 
occurred in supersaturated liquors, that is, in lajiiors which were 
treated with carbonic acid till neutial or oven sligliUy acid Hence 
those processes were recommended m which carbonatation was 
made in the clear filtered iKpiois aflei tlu^ precipitated inat-ter had 
been removed by filtration Such procedun' is, howeveu’, based 
on incorrect reasoning, as will be mad(' cleai lat,<‘r 

It IS almost the universal practi(‘e now to make th(' caibonaiation 
on the juice while still mi\ed with d(*fecat(Ml matter and undissolved 
lime The defecated juice accordingly go(‘s to th(' carbonatation- 
tank, which may also seiv(‘ for the' (U‘h‘cat()i its(‘lf, wh(*r(' direct 
caibonatation of defecated juicc's is practici'd 

Carbonatation-tanks arc open or closi'd, lound or u’ctangular, 
and usually of considerable d(‘pUi In the bottom then' aio 
devices for distributing the saturation-gas, as wc'll as lu'atmg-coils 
or stcam-mjcctors. 

The simplest and most generally used distributing devices for 
carbonatation-gas arc perforated pipes Thi^y distribute the gas 
exceedingly well, but have the disadvantage that in ordinary con- 
ditions of carbonatation the holes become easily clogged, especially 
if they are small. Since the task of boring out those holes is dis- 
agreeable and dangerous for workmen, arrangements have been 
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devised, particularly for the rectangular pans, to lift out these 
pipes and replace them. To do away entirely with the labor of 
this cleaning, distributmg-boxes are sometimes used, open at the 
bottom, with the lower edges notched to facilitate the division of 
the gas, usually the sides also being perforated. Another arrange- 
ment which has been well recommended consists of piping with 
transverse slits on the under side which are always kept open 
by revolving scrapers. 

The absorption of the carbonic dioxide from the satu- 
ration-gas depends not only on the size of the gas bubbles, 
but on the depth of liquor through which the gas passes and 
especially on the alkalinity For more intimate mixture of gas 
and juice, turbines and stirrers on the piinciple of injectors, as 
well as paddles which keep the juice in motion and divide up the 
bubbles, have proved efficient in practice Experience has not 
yet shown that such devices made notable improvement in the 
process With all such gas-distributois, the amount of absorp- 
tion and consequent speed of saturation depends on the alkalinity 
of the juice The absorption of carbon dioxide down to an 
alkalinity of 0 15 to 0 18 docs not vary much, but below that 
point it falls off in quite rapidly increasing ratio This is well 
shown in the continuous carbonatation process shortly to be 
described, in the first tank, whcic the alkalinity was 0.15 to 0 20 
in one instance, 50 to 70 per cent of the caibon dioxide intro- 
duced was utilized, while m the second tank, whcic the alkalinity 
was 0 08 to 0.10, only 50 to 55 per cent was utilized The 
second carbonatation, with an alkalinity of 0 04 to 0.05,' utilized 
45 to 50 per cent 

Evidently a considerable proportion of the carbon dioxide is 
lost. A suggestion has been made to atomize the juice into the 
kiln-gases so as to better economize the carbon dioxide, but this 
idea, which is in itself good, has never been put in practice, since 
the juice-atomizer would clog up It is feasible, however, to 
again utilize the gases escaping from the tank, which still hold 12 
to 15 per cent, or more of carbon dioxide, sucking them out by a 
pump or steam siphon and forcing them through the juice, a sepa- 
rate tank of course being necessary. As a rule there is no neces- 
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sity of better economy in the use of the carbon dio::^id<5, for^'evi 
factory which burns its own lime always has an excess of gas 

The temperature of the gas has little influence on its abso 
tion, it appears that higher temperatures are more favoial 

The temperature of the juice falls during carbonatati 
partly because steam is carried ofl by the escaping gas, a 
partly because the gases themselves alisorb heat This hi 
loss is made up to some extent by the heat of formation 
calcium carbonate from the hydrate, being 330 heat-units (calori 
for every kilogram of calcium oxide (1 lb =594 B T U ) T 
heat loss is greater in proportion to the temperature of the ju 
and the poorer the gases arc in caibon dioxide and the more li 
there is to saturate, since more gas must be passed thiouj 
Usually, the temperature drop of the juice can be taken as 5°- 
C (9°-14° F), when the lining is 2 per cent, the ju.ee tc 
jerature 80® C (176° F), and the cai bon-dioxidc content of t 
gates 25-30 per cent. 

Steam-coils arc not suited for heating defecated juices 
carbonatation-tanks, as they tend to beconu' (luickly covcu 
with scale and thus inefficient This scaling is not usually 
icsult of the routine of the satuiation process, but of tin* niU 
1 options of the work, and this is also true of the clogging 
the gas-distributors When a tank is emptied for shutting dow 
some scum always remains on the coils or in tlic holes of tl 
gas-distiibutors It dues there oi burns on, and thus forms 
thick scale in such places If it h<‘ nc'cessary to heat up t 
luicc in these tanks, steam-injectors should be used Usual 
heating of juices befoie caibonatatiori is to b(‘ avoided, as alr('a( 
pointed out, while, on the other hand, bringing the complete 
saturated liquors to high temperature is decidedly advantagcoi 
In order to prevent dilution, which would result from heatii 
with steam-injcctors, and likewise to utilize the low-cost stca 
from the evaporators, it is advisable to pump the juice out 
the tank through a closed tubular heater which has a tbnipcratu 
of at least 100° C. No scale on the tubes is to be feared if tl 
defecated, juice enters the heater from above and goes out i 
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the bottom, and provided the heater is always kept full while in 
in use. 

As stated above, the depth of liquor in the tank must be 
as great as possible to utilize the carbon dioxide most efhcicntly, 
but obviously not so great as to prevent the gas-pump from over- 
coming the back pressure Likewise the sides of the tank should 
extend above the liquoi -level to a eonsideralile height, at least 
3 meters (10 feet), bettor, 4~5 metcis (13-16 feet), so that 
there will be sufficient room for foam formed during the satura- 
tion process 

High sides to the tank, giving plenty of space, afford the best 
way to prevent foaming ovei, the more the air-space the less 
necessary becomes other preventives, such as foam-preventers and 
application of grease Foam-preventers use considerable direct 
steam and dilute the juice The use of grease and oils likewise 
costs some money, not to mention the fact that it puts undesirable 
impurities m the juice, or may bo the cause of trouble iii the 
scum-presses, unsaponifiable oils in particular being causes of bad 
filtration Nevertheless the use of a small quantity of oil or 
grease cannot always be avoided In such cases choose those of 
greatest viscosity, such as tallow or castor-oil, liecause a very 
small quantity of these will do and devices to control the amount 
added can be made of convenient size A useful contrivance 
is a large cask with a gauge-glass from which the oil can bo 
pumped or forced ovei to the tank thiough piping Piessuic 
can be conveniently obtained by a connection fiom the gas-pump 

The spent gases from the carbonatation-tanks are removed by 
^in exit-pipe of large diamctci which allows any entrained foam 
to drop back Sometimes there is an enlarged section m this 
pipe which acts as a juicc-trap. If every tank is not equipped 
with its special exit-flue loading to the open air, that is, when 
there is only one common oxit-pipo for several tanks, care should 
be taken to have devices to prevent foam from one pan getting 
into another, for unsaturatod juice getting into a tank in which 
saturation is complete would make the scums filter badly and 
slime up the filter-presses. 
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The best way is to have the exit-pipes from each tank lead up 
into a common collecting-pipe from which the entrained juice runs 
down into some tank which has recently been filled. A gas-coUector 
IS placed m this exit-pipe so that tests can be made of the contents 
of carbon dioxide in the escaping gases 

Almost universally the saturation-gas is forced mto the juice 
by pumps. These pumps are not power-driven, but are always 
equipped with independent steam-cylinders, so that the stroke 
can be regulated according to the demand for carbon dioxide. 
There is little to recommend in steam-injectors, which were used 
for a time, smce they require a large amount of steam, heat up and 
dilute the juice excessively, and cannot overcome any considerable 
back pressure As auxiliaries to help out during pump repairs 
they are useful 

The carbonatation cf the defecated juice lequircs the greatest 
attention on the part of the workman in charge, for a poorly con- 
ducted or slow saturation injures the juice and makes great trouble 
in the filter-presses later The duties of the man in charge of the 
carbonatation are just as responsible, therefore, as those of the 
batteryman, especially if the original quality of the juice is bad. 
Where the defecation-plant is independent the man in charge of 
the saturation must often ascertain whether the juice is properly 
defecated before applying the gas The spoon tests should show 
a deposit readily separating and leaving the supernatant juice 
clear In the dry-defecation process the filtrate should show an 
alkalinity of 0 25-0 35, according to the temperature of the juice; 
in defecation with milk of lime, somewhat less 

As soon as the carbonatation-tank is filled to the proper depth 
the gas-valve is opened, only a little at first, because in the be- 
ginning the juice foams badly Since, however, the pump is working 
continuously, in order to better utilize the gas, not only the valve 
to one tank is opened, but to two or three tanks, and in such a way 
that the most saturated tank whose juice foams the least gets the 
most gas, and the others less accordingly. For this procedure it 
IS neces£ary to keep aU the tanks equally filled with juice If 
it were not so, the heavier flow of gas would be into the least filled 
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tanks in spite of the partially closed valves, since the back pressure 
would be less, and hence these tanks would be completely saturated 
before the others although the latter might have stood longer. 
Systematic supervision and regulation of the carbonatation process 
would thus be impossible 

The man in charge takes frequent spoon tests during the conduct 
of the saturation and observes the separation of the precipitate. 
In open tanks the tests are taken with a long-handled spoon or 
with a small syringe; in closed pans where the workman stands 
under the pan the test is taken from a cock. Well-trained workmen 
can make quite satisfactory saturations by following this test; 
in many factories workmen go by other signs, as, for instance, the 
sound made by the gas-bubbles. 

The behavior of the juice m the carbonatation process, as far as 
outward appearances go, is as follows • As soon as the gas begins 
to flow the defecated juice begins to thicken in proportion to 
its sugar-content, raw juice, however, not thickening perceptibly. 
The spoon test shows a gelatinous precipitate no longer separating 
out. The result of this gelatinous condition is the heavy foam 
already mentioned as occuriing at the beginning of saturation, and 
there is a loud noise made by the passage of the gas Filtration 
of the juice at this stage is quite impossible, if this juicc by chanco 
or carelessness gets to the scum-presses, the cloths are immediately 
slimed up. As more gas is passed in, the gelatinous state of tho 
juice entirely disappears, the gas enters more evenly and in smaller 
and smaller bubbles as the juice becomes more fluid, tho foaming 
ceases entirely, and finally a juice is obtained out of which the 
precipitate again subsides readily and quickly and is easily removed 
by filtration 

Durmg this saturation the alkalinity obviously diminishes, but 
not with any regularity In the beginning it diminishes quite 
quickly, from 0.25-0.35 to about 0 15-0 18. At this point it remains 
almost unchanged, because now about tho same amount of hme re- 
dissolves as is precipitated by the carbonic acid. When all of the 
hme has been acted upon, the alkalinity sinks rapidly to 0.06-0 10; 
hence this value determmes the completion of the first saturation, 
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being the stage when the juice is in best condition and easily 
filtered. Just at the completion of the carbonatation the man in 
charge must take great care not to oversaturate the juice 

In every house where special dependence is put on the chemical 
control, titrations are made from every tank at completion of the 
saturation, to make sure that juice of proper and uniform alkalinity 
is sent to the filter-presses, the spoon test being used merely for 
a rough preliminary determination of the saturation-point The 
most desirable final allmlinity valxie vanes, according to the con- 
dition and composition of the juice, between 0.06-0.10 per cent of 
lime, with phenolphthalein used as an indicator, or 0.09-0 12 per 
cent., using rosolio acid 

The chemical reactions in the carbonatation process arc not 
yet fully explained By the introduction of carbonic acid, not only 
calcium carbonate is formed, but also a double .salt of calcium 
carbonate, calcium sucrate, and possibly caustic lime 'I'lns 
latter compound foims the gelatinous precipitate which contains 
considerable sugar in the form of lime sucrates 'I'his is nioie 
copious and thickens the juice more, the colder the carbonatation 
IS carried out and the gieatei the .sugar-content, althougli ollim 
conditions, as yet unknown, liavc maikcd influence on l,lic animint 
and constitution of these compounds 

These compounds are partially ilecomposed by the licat and 
dilution, further treatment with carbonic acid breaking llicm uj> 
completely As the satuiation progies.scs, the amount of doubh* 
salts which were first formed continually diniuushc.s, and finally, 
if the alkalinity is brought down to the proper limit, (hey iisuallv 
disappear In many cases, however, this decomposition is incom- 
plete, so that small quantities of these double compounds remain 
in the scum and cause mereased sugar-loss. 

Aside from those reactions of the carbonatation process which 
are necessarily connected with the neutralization of the lime, there 
are other side reactions, some favorable, some objectionable. A 
favorable reaction is the precipitation, along with the calcium 
carbonate, if only to a slight extent, of those lime salts soluble in 
the alkaline juice. This precipitation also can only be attributed 
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to tlie formation of double salts, and in fact more lime salts will 
be carried down m proportion as more lime was used m defecation. 

Another consequence of saturation is the coagulation of the 
soft, slimy, flocculent, organic or inorganic precipitates previously 
formed m the defecation which separate out with the calcium 
carbonate The separation of the calcium carbonate docs not 
take place immediately by itself, but requires time, although the 
period IS brief The precipitate forms more readily and quickly 
if mmute particles are present for it to collect on, and the little 
particles of slime m the juice answer this purpose These light 
particles, which by themselves would filter out only slowly and 
poorly, become surrounded wholly or in part with an envelope of 
calcium carbonate, and thereby lose, to a greater or lesser degree, 
therr slimy or gelatinous nature and so can be filtered off much 
more easily Therefore, carbonatated juices always filter bet- 
ter than those only defecated, even if these luttcr arc mixed 
with calcium carbonate, infusorial earth, etc , because such mixing 
cannot effect the coagulation which results from the saturation 

There is an unfavorable reaction which occurs at tinu's during 
the course of the carbonatation and causes an a 2 iprc(‘iablo amount 
of sugar to be retained by the scums even when the process is 
completed under normal conditions. 

The amount of insoluble lime sucrate retained by the precipitate, 
or scums, is usually dependent upon the followmg (1 ) lime suenite 
IS deposited dunng defection due to local overheating of the 
juice or from too much heat after the lime is adtled; (2) a por- 
tion of the lime sucrate which is in the form of double eomjiounds 
at the begmmng of the saturation lemains undissolved at the 
end of the process; (3) lime sucrate is thrown out with the 
other insoluble lime salts, precipitated cither by defecation or 
carbonatation The amount of lime sucrate whicli separates 
out and remains m the scums is usually exceedingly small, but 
under unfavorable conditions, as when the three causes above 
enumerated act together, it may become significant. The result 
of such sucrate precipitation is a high sugar-content of filter- 
press cake, which can only be lowered by a tedious sweetening off, 
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and a lowering of the purity of the juice, for by inaujEBcient 
sweetening off there is less sugar for an equal amount of non- 
sugar, while if the sweetening off is prolonged, proportionally 
more non-sugar is dissolved out of the cake 

If the amount of sucrates precipitated is excessive, and if, 
therefore, the filter-cake does not permit a ready swoetoning off, 
one should try to remedy the evil by reducing the alkalinity as far 
as practicable, but since the insoluble sucrate will surely be decom- 
posed in juices free from caustic lime, it is advisable to oversaturate 
the defecated juice if the scums from the filter-presses do not 
sweeten off easily, which means that not only the lime alkalinity 
is partly or wholly removed, but also any free alkali Juice and 
scums then have a dark, almost black, objectionable color The 
scums no longer settle well and the supernatant juice is turbid. 
Such an oversaturated juice will, thcrcfoie, not filter in this condi- 
tion If, however, some milk of lime, or freshly defecated jui<*e, 
is mixed with this oversaturated iKjuor, so that the alkalinity rises 
to at least 0 10, the mixture becomes, as far as external bcdiavior 
goes, identical with saturated juice of the same alkahmt.y 

Oversaturation without doubt makers a worse juict', for the 
action of the carbonic acid on juices fiee fiom caiistn* Iiino, or 
even entirely neutral or weakly acid, is to ledissolve organic non- 
sugars as well as precipitated lime salts and coloring matU'rs, 
Whether by the mixture of supersaturated juice with milk of lime 
or defecated juice all dissolved non-sugais are again precijiitatod 
is unknown Apparently they arc, since in practici' no diffenuice 
can be detected in the behavior of such juico from tliat of juk^o 
saturated according to the correct pioccduro, providing tlio jiiieo is 
not too much oversaturated and if, finally, enough limo is again 
added to make the mixture show more than 0.10 alkalinity, and 
a subsequent short additional saturation. 

The saturation as ordinarily conducted, namely, that of treating 
each tank by itself, has now been described, Since a continuous 
process always has certain advantages, m past years many experi- 
ments have been tried m this direction. These experiments, which 
were attempts to produce a continuous carbonatation by means of 
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forcing the defecated juice, mixed with the saturation-gas, through 
curved pipes in order better to utilize the carbonic acid by an im- 
mediate and intimate mixture of juice and gas, have failed owing 
to the impossibility of mamtaiiung a uniform alkalinity, sometimes 
the juice would come out from the exit-pipe undersaturated, some- 
times oversaturated. It is clear that for the maintenance of con- 
stant alkalinity varying proportions of juice must bo continually 
taken in actual practice, since the amount of carbonic dioxide in the 
saturation-gas, as well as the quantity of lime in the j'uice, changes 
to a marked degree Therefore, best results are obtained by a 
continuous process of the simplest description treating the 
defecated juice in an ordmary carbonatation-tank fitted with 
a good gas-distributmg apparatus and introducing at the same 
time the appropriate amount of gas Since the saturation-gas 
flows in continuously, perforated tubes can be used for distribu- 
tors, for under these conditions the holes will not stop up easily. 
A convenient distributing-apparatus consists of a horizontal cross of 
pipmg, the arms of which are perforated all on the same side 1’he 
gas as it blows in rotates the contents of tho tank, producing an 
excellent distribution of the bubbles and a high economy of 
carbonic acid. From this first tank the almost completely salnrated 
juice goes up through a pipe out from the top into the botfom of 
a second tank, in which it is again treated with HufTicicnt carbon 
dioxide to give the proper alkalinity It is pumped out of this 
tank, or preferably from a third tank into which it overflows m 
proportion to the amount treated This la,st tank should be 
equipped with a heater. By careful regulation of the inflow of 
juice and introduction of saturation-gas one can count on a very 
even and effective carbonatation by this method. 

Automatic control of the inflow of tho juice is very advantageous, 
and often essential for successful work. This is done by having 
the juice from the second tank pass on its way to the scum-pump 
through a decantation-tank provided with a ball-cock. If more 
juice goes into the decantation-tank than paascs out, tho float, 
actmg on a lever, rises and shuts a throttle-valve in the pipe-lino 
dischargmg into the first saturation-pan. This throttle shuts when 
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the float reaches its highest level, and again opens when the pump 
has taken away sufficient juice. The man in charge, therefore, 
need not trouble himself with the juice-feed, but can devote his 
whole attention to -the carbonatation and can carry this to the 
proper point, being guided in the regulation of the gas- valve by 
the indications of titrations, which should be made frequently 
It IS necessary to titrate the juice of the second tank only, in the 
first tank merely taking care that the juice is not completely 
saturated Often only one saturation-tank is used. Aside from 
the disadvantage that working m this way there is more uncei- 
certainty of holding the alkalinity constant, the utilization of 
the carbon dioxide is very inefficient If two tanks arc used 
the alkalinity in the first is 0 15-0 IS, and in the second 0 07- 
0 10 In this case, the major part of the gas passes through 
juice of an alkalinity of 0 15-0 18, which is notably higher than 
that of second tank Using only one tank with a continuous 
carbonatation, the alkalinity must bo kept always at 0 06-0 10 
Hence, the gas passing thiough juice of such low alkalinity will 
be very inefficiently utilized, as we have shown previously 

The chemical reactions occurring in contmuous carbonatation 
are somewhat different than in the ordinary method, because the 
first pan always contains a fairly well-saturated juice The 
freshly defecated juice is always mixing m with such liquor, so 
that the definite stages of chemical change noted in carbonatating 
a single tank do not here appear Little or no gelatinous double 
salts are formed, hence the carbonatation goes quicker and moie 
regularly Since quick carbonatation is best foi the juico, this 
continuous method of worlang has advantages over the oidinary 
process Those advantages, however, arc not obtained unless the 
defecation is conducted with even more care than in the usual 
process, since defecated juice entering the first tank stops the 
action of the lime 

Carbonic acid is practically the universal reagent used for 
neutralizing lime. Experiments have been tried of using car- 
bonic dioxide first and completing the saturation with sulphurous 
acid, which gives clearer and better juices. However, the out- 
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come of these investigations is that it is seldom advisable to 
use such procedure, since it increases the cost of carbonatation 
and makes its supervision more difficult 

Carbonatation troubles are usually shown by the process going 
too slowly. There are many causes for this. Since gas rich in 
carbon dioxide is the prime requisite for good carbonatation, it 
is obvious that from gas of such quality more carbonic acid will 
be absoibed, not only absolutely, but relatively. It is necessary 
on the other hand, to introduce the required amount of carbonic- 
acid gas into the juices If the carbonic-acid pump is too small 
or IS defective in its action, the carbonatation will always be 
insufficient The size of the pump^s cylinder should be large 
enough so that under normal conditions a relatively slow stroke 
IS sufficient, and when there is a leakage in casing, valves, or pipes 
it can be compensated by quickening the stroke The amount of 
carbonic-acid gas, or the efficiency of the pump is diminished if the 
exhaustion in the suction-pipe is too great There is always some 
vacuum in the suction-pipe owing to the resistance in the tube 
itself and m the washers, but this should never be more than is 
equivalent to a water-column of about 3 feet In order to measure 
it, and to find readily any place where there is too much resist- 
ance, it is well to insert water-column vacuum-gauges before and 
behind each washer as well as at the pump. It is then immedi- 
ately apparent whether the greater resistance is caused by irregu- 
lar working of the washers or by the stopping up of the piping 
by flue-cinders from the lime-kilns 

Too slow carbonatation, or rather a lengthening of the duration 
of the process, will take place when too much lime has been 
added to the juice, this is likely to be the case when the milk 
of lime has been made too thick or too much dry lime has been 
added. 

Besides these causes of slow carbonatation which can be easily 
explained or detected, there are others which probably depend to 
some extent upon the nature of the diffuser-juice and which are 
much more difficult to explain. It is very probable that in this 
case, again, the pectic substances exert some influence, because, 
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when the carbonatation-work is unsatisfactory on account of the 
quality of the juice, it will be found invariably that this juice was 
obtained from unripe, over-fertilized, or decayed beets, and results 
also depend somewhat on the method of carrying out the diffuser- 
work. These pectic substances when present in large amount appear 
to combine with the lime and thicken the juice just as the sugar 
itself does, except that it is more difficult to get rid of this thicken- 
ing when caused by the former substances, and for this reason the 
carbonatation process is retarded. In such cases the best pre- 
ventive IS to change the diffuser-work so that the juices are ob- 
tained as quickly as possible and at not too high a temperature. 
In every case where the carbonatation process is lengthened, no 
matter what the cause may bo, the quality of the juice is bound 
to suffer both m color and purity. For this reason the cause of 
the slow carbonatation should be removed as soon as possible 

Testing th(‘ (*M’aping gases s} skunatieally is a gK^at ludp in 
locating th(' cause' ol slow satuiation, especially in continuous 
carbonatation Hv knowing the normal caibon dioxide' contc'nt 
of these' gases, li }K)e)i ahseiiption is the cause of the tiouble' it 
is at once' de't(*cte*el 

Aneillu'i’ uiielt'snable ehstuibancc eif the caibeinatatiein jneice'ss 
is cause'el by a sti'eing fieithing ol the* juice's This plie'ueyuie'neni 
alse) eh'iicnels upeiii the' epialit} eif tlie' be'e'ts anel tne' nu'theiel of 
woikiug the' elilTuse'i batte'iy, anel eiccuis usually wIk'ii the'ie' is 
a pool e’ailiemaiatiem It is cviele'iit, theie'feiic, that both elisl-uib- 
anccs result from the same cause When the lieithing is so 
stiemg that the space above' the juie*e-l('V('l is insufhcie'nt, the 
only lemedy is to add oil or other fatty substaru'e' In eeintinuous 
carbonatation the' foaming is selelom bael so that little' eir no oil 
is needed. Obviously, sugar is lost if foam iseaiiied olT through 
the vent-pipes by the waste gases. Moreover, appieciabtc quan- 
tities of sugar will bo found m the escaping vapors even when 
when the juice does not foam The results of investigations into 
these losses arc awaited with interest. 
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TREATMENT OF THE SLUDGE OR SCUMS. 

From the carbonatators the juice is pumped to the filter-presses. 
Juice-lifters {monte ^us) are no longer much used, on account 
of many disadvantages, such as uncleanliness, dilution of juice by 
condensed steam, irregular pressure, and consumption of power. 
Scum-pumps are always constructed of the plunger type, single or 
double action, and work either with automatic regulation or with 
a by-pass worked by a sensitive safety-valve A good stone- 
•eliminator must be connected with the piping through which the 
juice IS drawn to the pump, so that not only stones but also the 
heavier sand will be removed which would otherwise clog up the 
pump and close up the narrow canals of the filter-presses The 
pressure at which the pumps should operate depends upon the size 
of the filtering-surface in the presses and the nature of the scums 
It IS desirable that the pressure should not be too great, say about 
two or three atmospheres (30 to 45 lbs ), as the cake so formed is 
most readily exhausted of its sugar With poor scums and small 
filtering-surfaces the pressure may be raised to from four to eight 
atmospheres (60 to 120 lbs ) A pressure higher than this is not 
permissible on account of danger of the walls of the chambers of 
the press collapsing if there happen to be more pressure upon one 
side than the other In order to keep the pressure under control, 
manometers, or gauges, must be placed on the force-pipe and on 
the air-charifiber In the piping back of the pump a gate valve is 
placed to shut off the juice in the pipes when necessary to over- 
haul the pump. 

Filter-presses are of two types, chamber presses and frame 
presses. The chamber presses, in which the juice-canal is placed 
in the middle and the cloths are stretched by means of cloth- 
screws, have the advantage that it is possible to make them 
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tighter because at the outer joints four layers of cloth come 
together; whereas they possess the disadvantage of requiring 
considerable time for drawing over the cloth on account of the 
screwing anangement, moreover, in the slack spaces the cloths 
become jammed and torn. Frame presses arc usually preferred m 
which the cloths arc placed smoothly over compartments between 
frames, the filter-press being set up m a few minutes An objection 
to this type of press is that there is likely to be some leakage at 
high pressures, although this ought not to be the case if the 
workmen are practiced and keep the frames clean and free from 
adhering sludge, taking care that the cloths lie smoothly during 
the closing together of the chambers, consequently it is only in 
the first few weeks of a campaign that the presses do not work 
right Anothei objection is that the cloths wear badly at the 
upper corners wheie the chambers and frames arc closest, and 
this IS aggiavatcd because the workman always tries to draw 
the chambers together as haul as possible m ouh'i* to close up the 
pichs well It IS a mattei of taste wh(^ther rubber or filter-cloth 
gaskets are used for the joints of the juice-diKits Both make 
('(pially tight joints. 

The size of the filter-presses, or the size and numbc'r of th<j 
conipaitnumls and fiaiiu’s, (h'pends upon tlu' amount of work to 
b(' done. The presses should have capacity enough to permit 
continuous work It would be wrong to use a larg(' jmvss in a 
small taetory, or one larg(* press and sev(‘ral smalhu* oti(*h, because^, 
in such cases, wh(m the large pr(‘HS is just (unptied tluni' will be 
too much juice at hand for the house to take' caie of advan- 
tageously, while in the other case the juice dams up and the 
house IS 1 docked when the press(\s begin to fill up Again, it is 
equally foolish to use a lot of little presses m taking care of the 
juic(^ fiom a large factory, because many moic workmen arc 
necessary and more cloths are worn out than when there are 
fewer and larger presses. 

The size of the chambers or frames varies between six and ten 
decimeters (24 to 40 inches) square. In a single press, or in one 
division of a double press, there are between 20 and 40 of these 
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divisions, and the thickness of the pressed cake is between 15 and 
30 mm (0 6 to 1 2 mches). In the case of bad scums considerable 
thickness of the cake is undesirable, whereas with good scums that 
are easy to filter it is well to have a thick cake; as a matter of fact 
in some factories cakes thicker than 30 mm. are produced. 

It IS not possible to state definitely just how much filter- 
surface should be calculated for the daily working up of a defimte 
quantity of beets, because the readiness with which the scums 
can be filtered varies greatly. It is desirable, however, that as 
large a filtering-surface as possible should be provided, so that it 
will be suJEcient, even when there is difficulty with the filtration, 
to keep the factory running at its usual capacity. In this case 
there will be ample time for a good sweetening-off of readily 
filtered scums. 

During the campaign it is usually unnecessary to clean the 
filter-press ducts and strainers. After every campaign, however, 
they must be examined and cleaned, since the holes of strainers, 
the various ducts, and the discharge-cocks become stopped up or 
contracted by deposits of scale. If these passages cannot be 
cleaned by brushmg and boring out, or when such a procedure 
proves too tedious, the strainers and frames can be dipped in water 
containing hydrochloric acid, or concentrated acid must be poured 
through the canals In all cases they must be well washed out 
with water so that all traces of acid are removed, and in order to 
prevent the strainers from rusting they must be varnished as soon 
as dry If there is fear of the acid eating into the strainers too 
much, use may iDe made of meclianical flue-scrapers for (^leaning 
out the holes which are clogged. In some factories it is the custom 
to pump hot water containing hydrochloric acid through the 
presses immediately at the close of the campaign, this method of 
cleaning the presses saves considerable time, but should be used only 
with great caution to avoid injuring pumps, pipes, and different 
parts of the presses 

The choice of cloth for the filters is not without mfiuence upon 
filter-press work, but here again opmions differ Whereas m one 
factory a heavy cloth of as good quality as possible is preferred, in 
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another a quite light fabric will be used. As a rule for the first 
carbonatation a material made of jute is used, because it is cheapest 
and suffers little from the influence of the alkaline juice. With 
regard to the durability of the cloth, naturally the degree of 
alkalinity and the temperature of the juice exert considerable 
influence. When the scums are poor and the cloths must be 
frequently changed and cleaned, pioferencc should bo given to a 
material which is not too light and of not too poor quality and which 
washes well When the scums are as a rule easy to filter, cheaper 
cloths of lighter fabric are suitable, these being allowed to remain 
in the presses until worn out — a matter of perhaps fourteen days 
or longer It goes without saying that it is important to have the 
cloths of proper size, so that they will not crease or wrinkle. 

In many factories it is customary to avoid changing single 
cloths in a press, and as a result it is a common error to allow all 
of the cloths to remain too long, even until the liquid runs through 
turbid The cloths throughout the whole of the press arc then 
renewed and replaced by new ones which are all of the same kind 
and possess ecpial filteiing capacity, either new cloths arc used 
thioughout, or washed cloths arc* placed underneath and new 
ones on top In this way the pre^ss will l)e filled uiufonnly and 
the sugai w'ashed out (‘qually well from all jiarts 

Special wasliing-’inachines an* usually rc*(iuir(*d for washing i.ho 
cloths It has jiroved very satisfactory to place them in a 
drum piovided with compai tments, hot wat-(*r flows continuously 
thiough this drum and, while the latter is r(*volving, the cloths in 
the compartments ]niitially filled witJi water are tin own about 
back and forth Wetting new cloths liefoie idacing them on the 
presses is unnecessary when jute is used 

In order to give tin* cloths a good surface to be against, sheets 
of peiforatod metal are screwed on the chambers. Recently the 
surface of these chamber-plates has been grooved without the 
sieve '’rhe advantage gamed is that the cleaning of the sieve 
and its wearing out is obviated and the cloths are said to last 
as long. 

The press-cake is formed in the presses between the cloths by 



114 


BEET-SUGAR MMjrUFACTURE. 


I 


the gradual deposition of the scum m uniform layers upon the 
cloths. The heavier particles of the sludge, such as the coarser 
sand, sink to the bottom of the section as long as the contents 
remain soft, and the lower portion of the space between the 
cloths IS filled rather more quickly than the upper part; but, as a 
general rule, where the pressure from the pumps is not too low 
the cake is uniformly deposited by the current of liquor flowing 
through the cloth This is evident by breaking the cake and 
observing its differently colored layers. Each tankful of juice 
gives with the separate caibonatations a somewhat differently 
colored scum, so that the press-cake will have a layer that is more or 
less yellow, followed perhaps by one which is bluish in tone In the 
case of continuous carbonatation the press-cakes are of uniform color 
When the entrance-valve of an empty filter-press is opened 
the juice runs in a strong stream from the discharge-cocks The 
greater the amount of sludge upon the cloths, the less penetrable 
they become, so that as the press-cake increases in amount, the 
slower the filtered juice runs off, and finally at the end of one or 
two hours the press becomes full and the juice drops from the 
(Cocks in very thin streams. The workman in chaigc must 
know from experience when the press is sufficiently filled It is a 
waste of time to allow a press to work too long, while, on the other 
hand, a press that is not entirely filled will not permit a satisfactoiy 
exhaustion of the sludge, and the soft filter-cake contained in the 
press readily smears over the cloths and frames, so that subse- 
quently the press is likely to squirt and run badly. Since a good 
scum-cake, or at least one of relatively firm structure, always 
facilitates the work of the exhaustion of the residuum, it is advisa- 
ble always to allow the press to become as full as possible even when 
it runs slowly It is not possible to improve matters by emptying 
the press as soon as it begins to run badly, for the time spent in 
removing the soft slimy mass, together with such evils as subsequent 
leakage, smearing the cloths, etc., more than compensates for any 
gain in the actual time of filtration; it is advisable to calmly wait 
for the press to become reasonably well fiUed, so that it will leave a 
dry press-cake. 
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The cause of slow-running presses, or in other words of the 
juice filtering badly and the undesirable, soft consistency of the 
]^rcss-cake, is to be sought either in the nature of the beets or the 
u lot hod of working It has already been mentioned that m 
Working up ceiiiain grades of beets the diffusion-work exerts a 
groat influence upon the consistency of the scum. When the 
<iuality of the beets is the cause of the presses clogging, there is 
some gain to be sought in changing the method of working the 
diffusion. Increasing the amount of lime added to the juice above 
a certain limit has seldom met with success, aside from the fact 
that most factories ^are unable to take care of sludge much 
in excess of the ordinary amount. Likewise, slight success 
IS obtained by boiling up the juice, as has been frequently rccom- 
nicuided, since there is then greater difficulty in emptying presses 
and the scum obtained is little, if any, better than that obtained at 
thousual temperature of from S0° to 90° C * Similarly changing the 
alkalinity of the juicc is of no use In short, it is best to avoid 
all useless cxpeiiments and merely try to hasten the work by 
(hanging cloths often. These difficulties aie met with chiefly at 
the beginning of the campaign, when it is necessary to work up 
begets which are not quite rip(' and with unpracticcd workman, 
and the trouble as a rule will shortly disappear apparently of its 
own accord 

A prcss-cake, difficult to filter and swe('ten off, ofUui comes 
from the diffusion juieo of high d<msitv, over 15° Bii\, especially 
that fiom wilted or dried beets In this cas(' tli(' usual remedy is 
increasing the size of the juice drawings, which of course causes 
dilution Since, ho wcvei , this increases the woi k of the (waporator 
it is better to provide for this dilution by sending all the sweet- 
water from the filter-presses, not needed for slalcmg the lime, 
hack to the defecators or carbonatation tanks, whereby the car- 
bonatation will likewise bo improved. 

From the reactions during carbonatation it is clear, without 
further explanation, that j uices whichhave been cither insufficiently 


* 175-196° P. 
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or too completely saturated with carbonic-acid gas will bo difficult 
to filter. Consequently it is always necessary to conduct the 
carbonatation with the greatest care, but especially when the 
sludge itself is of a nature which renders the filtration difficult 
When the presses run badly for a temporary period, it may bo 
due to juice from a properly carbonatated tank becoming mixed 
in pumping with juice from a tank which has not been projicrly 
saturated, owing to a leaky valve or by the foaming over from one 
tanlc to another Whether this is the cause of badly filtering 
scums may be determined by titrating the juice that comes from 
the press. Such jmee will show a considerable higher alkalinity 
than that coming from single tanks which have been properly 
carbonatated. It is advisable to make such control t,il rations at 
frequent intervals. A slight increase m the alkalinity of tlie jiiicc 
is nearly always produced in the filter-presses, because fhe sludge 
encloses small amounts of caustic lime and lime siicrate which 
gradually dissolve throughout the whole layer by th(' jmc(‘ that 
is continually passing through it This alkalinity amounts, as a 
rule, to about 0 1 per cent of lime 

Soft cake is also obtained when the pump does not give high 
enough pressure, and to guard against this it is absoluUdy (‘ss(*ntial 
that there should be a manometer, or pressure-gauge, m tlu^ dis- 
charge-pipe 

The amount of sugar left in unwashed filter-cake varies 
accordmg to the amount of sugar in the defecated juice, and to 
the amount of insoluble lime sucrate formed. Usually the scums 
are composed of about 40-50 parts of solids and 50-60 parts of 
juice. If the latter contains 10 to 12 per cent, of sugar, it is 
evident that the filtered residue will contain from 6 to 7 per cent, 
of sugar. 

The sweetening-off of the filter-cake should work so as to remove 
the greater part of the sugar and make the sweet water from the 
washing as concentrated as possible. This result can only be attained 
by driving the juice out of the cake through introducing water 
into the press itself. In some factories the filtcr-cake is removed 
from the press, mashed with a little water, and the mass is then 
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filtered again in the pi ess. By this method of working, however, 
a weaker sweet water is obtained, with the same amount of 
sugar remaining in the cake as when the washing takes place in 
the press itself The latter method has the sole advantage that 
it permits the use of a simpler type of filter-press. 

Washing the cake may be done in two ways- either have 
the water enter through special canals placed on one side of the 
scum-cake, penetrate the latter and flow away at the other side, 
or have the water follow the same course as that taken by the 
original juice, enter through the centre of the cake, pass through 
both halves and flow away on both sides. 

Indispensable conditions upon which the success of either 
method of washing depends are a uniform nature and thickness of 
all the scum-cakes in one press and evenly penetrable cloths When 
the cake is thinner and softer at one place, for example m the 
upper part of piesses which have boon badly filled, more water 
will penetrate these poitions than through the thicker and harder 
paiks. When, therefoie, the former portions aie already com- 
pletely sweetened olf, the thicker portions are still likely to con- 
tain considerable sugar This tiouble becomes more appreciable 
in proportion to the amount of pressure employed Certainly 
this unequal penetration of water into the scum-cake can never 
be entirely pievented, because, owing to the const nietion of the 
piesses, even the best and most uniform cakes will have bad places 
In the case of the chambei presses these bad spots aio at the 
outer borders whcie the {*akes are thinnei, and at the places where 
the cloths arc screwed togethei, where the s(aim-cako usually 
remains soft In the case of the fiaine jiresses these spots are 
found between the iron franu^s and the cake, where the adhesion 
of the latter to the iron is less than the cohesion of the cake 
itself Excessive solidity of the cake is also detrimental, because 
in such cases the solution of the sugar throughout the whole 
mass takes place slowly and requires greater water-pressure 
Consequently every variation in the thickness of the scum-cake 
then makes itself objectionable to an increased extent. 

In order to avoid troubles from variable or excessive pressure, 
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the scum-pumps in some factories are not allowed to work directly 
upon the filter-presses. The juice is pumped into a tank placed 
high and provided with a return-flow pipe From this tank the 
juice runs into the presses with the relatively low but always 
uniform pressure of from one to one and one-half atmospheres 
It IS said that under these conditions the presses work better and 
that it is then much easier to remove the sugar from the filtered 
residues 

High water-pressure is above all things incompatible with a 
satisfactory removal of sugar from the cake; but whore low pressures 
are used it takes very much longer to lemove the sugar and a 
larger number of presses is necessary. 

Many believe it is better to operate the pump for sweeten- 
ing-off at a pressure slightly higher than that of the scuin- 
pump; and possibly in many cases this rule may work satis- 
factorily, but it IS more correct to adjust the pressure of 
the sweetening-off pump so that in a given time a definite 
volume of the sweet-water will be obtained. Consequently 
the pressure of the lattci should be regulated according to 
the nature of the scum-cake and its thickness, but taking 
caie that this pressure shall not be made too high so that any 
inequalities in the cakes will make trouble It may be assumed 
that the highest pressure for efficient washing with the least water 
should not exceed about two atmospheres Every increase of 
pressure above this point causes increased volume and dilution 
of the sweet-water and leaves the same amount of sugar in the 
press-cake. 

The time required for sweetening-off the cake to 1 per 
cent is quite long. With low pressures it can be assumed to 
be about 20 to 30 minutes with good slimes, and about 100 to 
150 parts of sweet-water will be obtained from 100 parts of scum. 
If the prcssuic be increased, as must always be the case with poor 
scums, then the volume of the sweet-water is increased to a con- 
siderable extent and the liquid flows much more slowly through the 


* 15-22 lbs. per square mch. 
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press, it is then usually not practicable to reduce the sugar-content 
to an aveiage of but one per cent In German factories the 
extraction is considered satisfactory when the sugar-content is 
reduced to from 1^-2 per cent. 

The question as to whether it is advisable to use hot or cold 
water for washing the cake has not yet been definitely settled 
It IS, however, hardly probable that the temperature of the water 
exerts any influence upon the purity of the sweet-water obtained 
from the presses, provided pure water is used As there are largo 
amounts of pure hot water available in the beet-sugar factory from 
condensed steam, it is usually best to use it without going to the 
trouble of cooling The only advantage to be obtained from using 
cold water is perhaps that the filtered scums will cool down 
so that the workmen will be less inconvenienced by steam while 
discharging the presses Cold, haid well-water should bo avoided 
as far as possible, for when such water entering the hot compart- 
ments comes in contact with the lime contained in the juices, pre- 
cipitates will be formed that will tend to clog up the duets and 
strainer of the press, besides making the cloths stiff. It is true 
that thcvse lime deposits may be foimed when using condensed 
watei m case the lattei contains ammomium carbonate instead of 
ammonia Ammonium carbonate is loaned in huge amounts 
when the juice is over-carbonated in the second eaiboiiatation 

It IS evident that so much watei used iii washing will to some 
extent rodisholve the non-sugars that have been tireinpitated Iroin 
the defecated juice, and eonscqucntly the last of the sweet-water 
obtained fiom the presses, m which the small amount of juice 
remaining in the sludge has been diluted with a largo amount of 
water, will be of a lower purity than the first The pin ity, however, 
remains sufficient to yield a massecu to which will readily crystallize, 
There is, therefore, absolutely no objection to washing the residues 
thoroughly, provided the number of presses is suflicicntly large and 
it docs not make too much dilution. 

Which method of washing the residues is to be chosen, i e., 
whether the water should be allowed to pass through special ducts 
in the press and then percolate through the whole cake, or whether 
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the water should follow the juice-ducts and pass through half of 
the cake, depends upon particular conditions. In general the 
former method is preferable with well-arranged presses, because 
under otherwise similar conditions the cake is more uniformly 
sweetened off and the juice is less diluted Special piecautions 
should be taken to sec that the juice-valve is tightly closed 
during swectening-off and that during filtering the water-valve 
is well shut If the former has been left open sweetening-off is 
impossible, if the water-valve leaks the juice is badly diluted. 
Unremitting vigilance over these valves is essential 

In those factories where milk of lime is used for defecation 
the weaker portions of the sweet-water should be collected sep- 
arately and used for slaking lime. Since for slaking one part of lime 
from 5-6 parts of water are required, and one part of lime yields 
about to 4 parts of sludge,^ it is evident that in such cases 
there need be no particular apprehension with regard to excessive 
dilution of the sweet-water, for an amount for water equal to 150 
per cent, of the weight of sludge is necessary for the slaking of 
the lime. On the other hand, in factories employing dry defecation 
every unnecessary dilution of the sweet-water is to be avoided, for 
in such cases there is no especial use for the more dilute portions 
of it All of the water must then be worked up with the 
juice, and if it is diluted too much, the advantage gained 
from dry defecation, especially with regard to saving of fuel, 
IS lost 

However, a thorough sweetening-off of the scums from the 
dry-defecation process without thinning the juice excessively 
has been proposed in which the sweet-waters are separated accord- 
ing to their density The first sweet-water which is rich in sugar 
goes as usual to the juice, but the later water is cut out and 
utilized for sweetenmg-off the next press, and so on. Appro- 
priate devices make this system automatic. 

The cake that is emptied from the presses falls either into cars 
(by means of which it is carried out and deposited in heaps), into 
a screw conveyor, or into a scum-mixer in which it is mashed into 
a thick paste. The paste can then be flushed out with waste water 
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of the factory, or be earned to any desirable place by means 
of pumps Cakes obtained by the use of a minimum amount of 
lime make the most desirable fertilizers, because the amounts of 
phosphorus and nitrogen contained in them are relatively higher 
than m cakes with an excessive amount of lime. 
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FINAL CARBONATATION AND FILTRATION. 

The juice from the scum-presses is sent to the tanks for a second 
carbonatation. Since this juice has become cooled in passing 
through the filter-presses and canals, it must be reheated, exhaust- 
steam reheaters being obviously best suited for the purpose "I his 
reheating should be carried to boiling temperature, since it is 
important that thm juice should be kept at about lOO'^ (212® Y ) 
after the first filtration This high temperature is not only desirable 
for the action of lime on the non-sugars, but it is necessary to 
prevent the calcium carbonate formed in the second and third 
carbonatations from going into solution as acid carbonate 

If lime is added in the second caibonatation the heating must 
take place first, to avoid heating with excess of 1 me, since 
some lime sucrate is precipitated out of juice saturatcnl witli 
lime at 70®-S0® (158®-176® F ) when such juice is lioat(‘d 
to 100° Usually about 0 25% of milk of hme is added to the 
juice befoie the second carbonatation, but such addition of lime 
is generally of no perceptible use, since the lime still in solu- 
tion at this high temperature serves to carry on the decompo- 
sition of the non-sugars When dry defecation is used foi the 
fiist carbonatation, this second addition of lime is entirely omitted 
to avoid preparing milk of lime especially for this purpose, putting 
dry lime directly into the hot juice would make conditions favorable 
for forming much insoluble sucrate and consequently is not 
advisable. 

The second carbonatation can be carried out most conveniently 
as a continuous process and by using three tanks, or two, arranged so 
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tliat the juice overflows from one to the other, one heater being used. 
The juice is heated to the proper temperature in the heater and 
flows into the first tank, where it is saturated with gas, usually 
after lime has been added; after flowing over into the second tank it 
is pumped off A third carbonatation is carried out like the second, 
the most important condition being that the same high temperature 
IS maintained 

Where only one aftei -carbonatation is made, it is either done 
with carbonic acid alone or together with sulphurous acid When 
two aftei -carbonatations are made, in the first only carbonic acid 
is used, in the second carbonic acid alone, sulphurous acid alone, 
or both together. 

There has been much dispute whether one or two after-carbo- 
natations should be used It is not to be denied that the 
alkalinity can be moic (‘arefully regulated and any injurious in- 
lluonco of excessive caibonatation on the precipitates be more 
easily avoided by two caibonatations rather than one 

Two satui ation-plants, howevt'i, make the work slower and 
require mou' siipei vision Many factoiies do well with one final 
carbonatation 

A second aftei -carbonatation must always be made if the juice 
to be tii'ated contains magni'sia Magnesia always goes into 
solution if the juiee is gas(‘d so that the alkalinity falls below 0 05, 
appaumtly fornniig an aninioiuum-magnesium caibonate, or a 
<l()uble eaibonati' which (h'composes during the evapoiation of the 
juice, forming insoluble magnesium carbonate In such cases the 
alkalinity of the second carbonatation-juice (in the fir^t aftei - 
(‘urhonatation) must be kejit abovi' 0 05 per cent., the proper 
alknlmity not being made till the juice is filtered 

There is a great deal of dispute also as to how alkaline the thin 
juice should be made. Some iccommcncl a high alkalinity, others 
a carbonatation almost to neutrality. To answer the question 
properly, the behavior of alkaline and neutral juice during evapora- 
tion should be studied, as well as that of the non-sugars precipitable 
during carbonatation in juice of different concentrations. 

If thin juice is saturated with sulphurous acid to the neutral 
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point, no doubt it has a brighter color than alkaline juice, but the 
color of the juice, especially that of thin juice, which in the course 
of the process of sugar-making can, and actually does, alter very 
much, cannot be taken as a standard for guidance in treating such 
juice 

During evaporation juice in practically all sugar-houses is 
exposed for some time to temperatures over 100° (212° F ), the 
temperature of the juice-heaters in many houses rising as high as 
115° (239° F ) or even to 120° (248° F ), and likewise it is at more 
than 100° in the first vessel of the multiple-effect apparatus It 
is very doubtful whether neutral or weakly alkaline juices should 
be exposed to such high temperatures, for the alkalinity is con- 
tinually becoming less during evaporation Consequently ncutial 
juices almost invariably become faintly acid and a noticeable 
inversion takes place, which is evident by the darkening of the 
juice. Juices of proper alkalinity, on the contrary, suffer no per- 
ceptible decomposition during evaporation if the tempera tuie does 
not exceed the familiar limit of 115°~120° (239°-248° F ), but they 
are even improved by this high temperature, as the alkalu's act 
energetically on the non-sugars which are not thoroughly decom- 
posed in defecation, such as amides and albumens Such alkaline 
juices as a rule also show a noticeable falling off of the alkalinity, 
but it does not reach neutrality, and it is not caused by decjom- 
position of sugar, but by combinations of acids formed from the 
non-sugars with the alkalies, or on account of the escape of ammonia 
either previously present or just produced by these reactions. 
Hence that process is completed during evaporation which would 
have taken place in the strongly alkaline and defecated juice if the 
necessaiy time and space had been available 

Without anticipating the question of making the sirup from 
the evaporators strongly or weakly carbonated, it should bo settled 
now as to whether it is better to remove the last portions of lime 
carbonates and sulphites from the thin liquor or from the sirup. 
The deciding point is the relative solubilities of these substances in 
sugar solutions, for a thorough carbonatation of the thin liquor 
can be advantageous only provided these lime salts are less soluble 
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in thin juice than in sirup It happens that almost all of the 
difficulty soluble lime salts are less soluble in concentrated sugar 
solutions than in the more dilute, and daring evaporation of the 
thin juice the carbonates, sulphites, and other lime salts are 
continually depositing on the heating-tubes of the evaporating- 
apparatus, irrespective of whether the thin juice is neutral or 
alkaline 

All considerations, thcrefoie, arc in favor of an alkaline juice, 
and one so alkaline that the uncarbonatated intermediate sirup, or 
“mittelsaft,’’ is still alkaline. Hence it is not good practice to pre- 
scribe a certain fixed alkalinity for the thin liquor; this alkalinity 
should vary much according to the characteristics of the juice and 
its behavior in evaporation, but it is possible to set upper and 
lower limits to this variation The uppei limit will be that alka- 
linity due to the free lime and sucrate present, the lower limit 
must be set with reference to the alkalinity of the uncarbonated 
intermediate sirup, or “mittolsaft If a certain fixed value has 
been found suitable (say 0 05-0 10 or thereabouts), the alkalinity 
of the thin licpior must be raised or lowered accordingly as the 
alkalinity of the sirup begins to sink und<}r normal or as it becomes 
too alkaline Ordinanly when the alkalinity of the juice is 0 03 
to 0 05 per cent, as indicated by phenoli)hthalcin, \eiy little oi 
no lime is present m the caustic state (usually being in c()in])inati<)n 
as salts) The most of the alkalinity, thoiefore, is caused by lixed 
alkalies, organic bases, and ammonia If the composition of the 
juice makes necessary an euergt'l.ic after-t,i(‘atin('nt of alkalKvs or 
free lime in the evaporatois, as when working U]) uniipe oi lotten 
]ie('ts, the highest suitabk' limit should 1)(‘ set for th(' alkahinly of 
juice and siiup Obviously in su(di case's tlu' fact should also lie 
taken into consideration that strongly alkaline juice will form a 
heavy scale m the evaporators, lu'ncc', if the evajioratiou is much 
retardc<l by this, the alkalinity should bo lowered 

As far as the imrity and good working qualities of the juice 
are concerned, it makes no difference, m working at the final high 
alkalinity as recommended, whether the final carbonatation is 
completed with carbonic or sulphurous acid. Carbonic acid has 
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the advantage of simplicity and cheapness, saving the sulphurous 
acid for the finished sirup or the ^^mittolsaft.’’ 

If two final carbonatations are considered expedient, the al- 
kalinity of the first should be about 0.01-0 02 per cent higluT t han 
that of the thin juice, so that in the second carbonatation there 
wiH remain some work for the gas. 

Whether two carbonatations or only one is made, a double 
filtration of the thin juice must always follow to insun' absoliitcdy 
clear juice for evaporation. Filter-presses are usually employed for 
the first filtration, with cloths of closely woven cotton flannel, jute, 
or linen For this filtration it is better to use filter-presses without 
sweetenmg-off passages, because such passages luive the disad- 
vantage that if the juice runs turbid from a (lischarge-co(*k, tlu'ni 
IS no means of shutting off the chamlier which is filtc^nng 
badly If the cock is closed, the cloudy juice will run througli 
the sweetening-off passage into other chamhtus and mak<» tluuu 
run turbid 

This simple type of press naturally can only be swcuMiau'd olT 
through the scum-openings, but usually it is d(Knd(MlIy inadvisa])l(» 
to sweeten off second carbonatation-scum-; If no hiii(‘ is addiMl, 
the amount of cake is very small, scarcely 0 of llu' l)('(‘(s, so 
that the sugar loss, even if the sugar iii the* cake is consulerahlc, is 
hardly worth taking into account If, owing to addition f)f linus 
there is a larger amount of cake, it is lietter to send it to ihr first 
carbonatation-tanks than try to sweetou off in lh(‘ s(‘{‘oiul fiJpn-- 
presses It suffices to give these latter a simple steaming 

The sugar-content of the filter-cake, unsw(jet(‘nc‘d but st.(‘aiU(Ml 
out, is usually high, between 4 and 7 per cent , l)(*cause almr>st 
always it contains insoluble calcium sucratc. 'llie filtration aft (»r (lie 
second carbonatation usually presents no difluailt-ii's, sf) that a 
small filtering-surface is sufficient. Once m a while the presses 
suddenly begin to run badly or filter slowly, complete cakes are 
not formed, and a small amount of stickier scum appears on the 
cloths This trouble comes ordinarily when the first carbonatation 
has a badly filtering scum, and is an especial characteristic of too 
much gas in the first carbonatation. Magnesium carbonate then 
goes into solution, as already stated, this again separating in the 
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second carbonatation. The magnesium carbonate so precipitated, 
as well as the other magnesium salts which separate out of solution, 
are always of a slimy nature and make filtration more difficult the 
greater their proportion to the calcium carbonate present 

Filter-presses ax’e less suited for the second filtration of thin 
j uices Usually the improved form of bag filters or a filter apparatus 
having the maximum filtering-surface in the least space and per- 
mitting filtration under minimum pressure is employed Low 
pressure is vital for retaining the more minuto scum-particles in 
the cloth. What advantage one make of apparatus has over 
another depends on its canvonienec for changing cloths and the 
retontivcness of the cloths or bags 

A very good and reliable filtration can bo made with giavel, 
coarse sand, or similar fiiK'-graiiied sulistanec, in filLc'rs like 
those in which bone-black is usc'd, or in sand filtcus of special con- 
struction These latter filLois should be so built as to nvpiin' no 
hand labor for washing the sand (Mther in the filU'r or in sp(‘cial 
apparatus. Filtciing thiough fragiiK'uts of coik, the juice enter- 
ing at the bottom and forcing its way upward through th(' (‘ork, 
which floats in the iippin* part of the iilt('i, is scarcely used now, 
nor is filtering through wood chips and (*\cclsior 

All these filters work wc'll il handkul ini(dligently, providing 
the juice holds little scum TIkw aie unsuitable for treating 
any large amount Th(‘ custonuu} lui'thods, using filt(u-i)iesH(\s, 
are worth most consideration. 

Often something is added to the thin juice (and later to the 
thick juice) to increase the efficiency of the filters by coagulating 
the finci scum-particlcs, particularly those which (puckly slime 
up the cloths Sawdust, cellulose, and infusorial earth are suit- 
able for this purpose. Caro must bo taken that these materials 
are pure and do not neutralize weakly alkaline juices In cer- 
tain cases they must be first digested with soda lyc to purify them; 
as a rule this addition of material is considered unnecessary. 

Two canals should bo provided for every thin-liquor filter, one 
for carrying the perfectly clear juice flowing to the evaporators, 
the other for taking the cloudy juice, which runs off particularly 
at the start of the filters, back to the second carbonatation-tanka. 
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OTHER PTOIFYINQ AND CLARIFYING AGENTS. 

Bbsidbs lime and carbonic acid or sulphurous acid, many other 
agents have been recommended for purifying, dccoloi lising, and 
clarifymg the juice A list of the different substances tried would 
amount to approximately 300, of which number 40 arc made 
up of the different sulphur acids and their salts, 25 arc the phos- 
phorus acids and their compounds, 23 are the different organic 
acids and their salts, 47 are alkalies, alltalme cartlis and their 
compounds, 69 are metals and metallic salts, 56 are organic sub- 
stances, and 15 are substances prepared electrolytically 

These agents have been used partly in the diffusion battery, 
partly upon the crude juice m the defecation, and upon both thin 
juice and sirup In practice none of these different chemicals have 
contmued in use. Disregarding the majority of the recommenda- 
tions, which are senseless, it can be said that whereas in certain 
directions many of these chemicals are actually efficient, their use 
would be limited to certain definite conditions, and in the majority 
of cases they are altogether too expensive in proportion to their 
efficiency. In certain cases poisonous substances would be intro- 
duced into the juice which, even if not detected in the sugar, would 
be present m the molasses, making it worthless as cattle-fodder. 

Since there is no object m purifying diffusion-juice previous to 
defecation, any punfying agent should show its action chiefly where 
the non-sugars, upon which it would be supposed to act, are present 
in the largest amount, namely, in the molasses. As a matter of 
fact most of the agents recommended have shown themselves to 
be either without any purifying action, or else the action is so 
slight that the chemicals are too expensive to use. 

Only relatively few substances could be used to advantage with 
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Cfcjrtain thin or thick juices. Of such substances the most efficient 
are the carbonates and acid sulphites of the alkalies, or caustic 
alkalies which transform the excessive amounts of organic lime 
salts into the corresponding alkali salts, and phosphoric acid 
which precipitates lime as calcium phosphate Baryta is used to 
effect the precipitation of sulphurous and certain organic acids; 
both it and barium chloride are said to exert a favorable influence 
upon the crystallization of the sugar Magnesia, to which favorable 
action was attributed at one time, is inferior to lime both with 
respect to the juice-purification and the filtration of the scums, 
without having othei advantage. Alumina acts as a clarifying 
agent and produces a clear juice; tannin precipitates albumins to* 
the extent that they arc present in the juice, and cinders, lignite 
and charcoal claiify the juice without purifying it As decolor- 
izing agents, besides sulphurous acid, there should be mentioned 
hydrosulphuious acid and ozone with or without simultaneous 
application of bone-char powder Recently, commercial hy- 
drosulphitcs have been introduced, especially sodium and calcium 
hydrosulphites They bleach juices even if they are alkaline, 
their action on the natuial coloimg matteis being veiy maiked, 
although they do not affect the characteristic caramcd color re- 
sulting from the decomposition of sucrose and mveit sugar 
The hydrosulphites are cspc'cially efficient if intioduced in the 
vacuum pan, because here the olijectionable n'turn of the daik 
color from oxidation of the an is i)rev(mted 0 01 pait of hy- 
diosulphite for 100 paits of sugar Furthermore', the salts of the 
heavy metals, particularly those of zinc, tin, and lead, ('ffect some 
decolorization. 

The use of double silicates of lime and alumina, cither the 
minerals or artificual compounds, for removing potassium and 
sodium from the juieo is theoretically interesting but not yet 
tried out m practice By filtering thin or thick juices, sirup or 
molasses o\er such coarsely powdered silicates, these liquors give 
up their alkalies forming the corresponding lime salts. There 
is actually no purification of the juice, but only a transformation, 
of its alkaline salts into lime salts, which do not hinder the crys- 
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tallization of the sugar so much, and are not so melassagcnic as 
the alkaline salts. On the other hand, the lime salts alter the 
characteristics of juices and sirups, making them more viscous 
and harder to work in the vacuum pan Hence, it is very ques- 
tionable whether this process can be considered an important 
improvement. There seems no profit in using these silicates, 
although they can be renewed easily by treatment with a calcium 
chloride solution, nor is much gained by recovering the potassium 
chloride 

Electrolysis, particularly in the case of the crude juice, with 
lead or zinc electrodes and simultaneous use of dialysis, exerts a 
favorable action; but such a process is far too expensive and the 
sugar-losses are altogether too great, so that this electrodialysis 
cannot find permanent, practical application 

Formerly acids, such as oxalic, phosphoric, or even hydrochloric 
acid, were sometimes introduced into the diffusers in order to 
reduce the solubility of those substances which cause the difficult 
filtration of the scums from the carbonatated juice The success 
obtained from use of these chemicals is doubtful, probably their 
chief effect lies in the mjury to the walls of the diffusers The use 
of such antiseptic agents as phenol or formaldehyde to prevent 
evolution of gas in the diffusers, or in fact any fermentation of the 
juice, is altogether ineffectual, for it is possible to add such sub- 
stances only in very small amounts, or else they become too 
expensive, and moreover, they impart to the sugar an unpleasant 
taste and odor. 
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lime, so that the yield under these conditions must be reckoned 
at least 125 kg. of juice per 100 kg of beets. 

Diffusion-juice which has a sugar-content of from 12 to 13 
per cent, consequently gives a thin liquor of from 10 5 to 11.6 
per cent, of sucrose. In the average factory working up 550 tons 
of beets a day there are about 687.5 tons of thin liquor; in the 
larger ones working up 1,100 to 2,200 tons per dicm there will 
be from 1,375 to 2,750 avoirdupois tons of thin liquor to con- 
centrate. 

For evaporating such enormous amounts of water there is in 
existence apparatus of many different makes and principles of 
working The heating-surface of the ordinary types consists of 
tubes held in position by tube-plates Tn vertical apparatus the 
juice IS evaporated in the tubes, in the horizontal typos it passes 
over the outside of the tubes In the former the length of the 
tubes IS usually 1 25-1 50 meters (4-5 ft ), in the horizontal evapo- 
rators 3-4 m (10-13 ft ), their diameters varying between 20 and 
50 mm. (|-2 inches) The general princijiles on which such 
apparatus works, leaving out of consideration special iypes for 
special purposes, are practically identical lOvcu-y evapoiator 
should be equipped with an accurate thcrmoni(*ter and iiKTcuiy 
vacuum-gauge, as well as properly placed siglit-glassc's, as w('ll as 
those for illumination, so that the interior (‘an be easily ins]ieeted 
at all times 

In smgle-effect apparatus one kilo of steam will evaporate 
an equivalent amount of water at the usual temperatun* obtaiiK'd, 
that is to say, a kilo The heat of the steam coming from the 
evaporator can be further utilized by using it over again foi 
evaporating or heating in a separate vessel. Our conaichu'ation 
of the work of the single-effect apparatus, which wo will now take 
up, will not have to do with steam-ecomony only so far as to 
ascertain under what conditions the greatest possible amount of 
water can be evaporated based on this unit for the heating- 
surface, and under what conditions it is at its maximum cfHcioncy 
without being subject to special disadvantages 

The amount of heat wh^ch passes through the heating walls in 
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a unit of time is directly proportional to the temperature fall, 
1 e , to the difference in temperature of the heating vapors and the 
boiling liquid, and also to the conductivity of the metal of the 
heating wall It is inversely proportional to the thickness of the 
heatmg wall and to the magnitude of a certam resistance which 
opposes the conductivity 

This resistance comes from stationary liquid films on each 
side of the heating surface which are caused by the adhesion of 
the water and liquors to the heat wall. Hence the heat does not 
pass directly from the steam into the metal, but first into the 
water flowing along the heating surface and from this into the sta- 
tionary water film clinging to the metal and thence into the 
metal On the liquor side, it is the same, only reversed, from the 
metal, the heat passes through the stationary fluid film before 
entering the moving liquor 

Since the conductivity of water and water solutions is 100 times 
smaller than that of iron and 120 times smaller than for brass, 
it IS obvious that stationary films of exceeding thinness will im- 
pede the heat transfeience greatly 

Any condition influencing the thickness of this motionless 
film affects the heat tiansference This thickness depends on 
the speed of movement of the watei and liquois and on their 
viscosity, the latter being inversely pioportional to the temper- 
ature of the liquid and diiectly pioportional to its concentiation 
The speed of movement depends on the construction of 
the evaporating appaiatus, and for boiling liquors is de- 
pendent besides on the quantity of steam bubbles which aie 
given off. 

Hence, the heat-transference from steam to the boiling liquid 
is in proportion to 

1 The speed of the movement of the liquor over the heating- 
surface; 

2 Inversely as the height of liquoi, or its piessure, on the 
heatmg-suiface, 

3 The speed with which the steam ciiculates over the heating- 
surface, 
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EVAPORATION. 

By means of evaporating apparatus the t-hm juice is con- 
centrated from a density of 12-13° Brix (G 8-7 40 B(3) to a simp of 
about 60° Brix (33° 136), about S0% of water being lomovcd, 
reckoned on the wenght of the juice. Eactoiies having evaporators 
whose heating-surface is small oi inenicient do well to got a con- 
centration to 50° (27 7° 136 ), but obviously they waste steam and 
coal A proper evaporaiing-jilant should be designed to give 
undci unfavoiable cireumstanc(\s a sirup of at least 55-()0 Hnx. 
Concentiations as high as 65-70° (35 ()-3S 1° 136 ) ai(‘ no! advisable, 
because such heavy simp maki'S tlu' Aacuuiu-pan woik harder, 
and it also may ha]ipen that by cooling in llu* pip<'e cnstals aic 
deposited and stoppages nia> occiii 

The average quantity of thin liquor which is obtained ordinal ily, 
reckoned for a factoiy using dry defecation aiul two per ci'iit of 
lime pel lOO kilos (220 llis ) of beets, is about as follows 

Obtained from the diifusioir about 105 liieis 

(27 7 gals.) 110 kg. (242 lbs ) 

Sweet watci from filter-presses, 125% of S% 

scums . . . 10 kg. (22 lbs.) 

Various concentrates .... . . 2 kg (4.4 lbs ) 

Total thin juice 122 kg. (268 4 lbs ) 

In factories using defecation with milk of lime, the lime used up 
is somewhat more and the amount of sweet water somewhat greater. 
Moreover, there is usually not enough of the latter to slake the 
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4. The speed and thoroughness with which the condensed water 
is taken away from the heating-surface, 

5 The completeness of the vacuum in the evaporating- 
chamber. 

6 The conductivity of the heating-surface, that is, its freedom 
from scale and foreign substance, 

7 Inversely as the viscosity of the liquor, 

8. The temperature of the liquor, which depends upon the 
pressure under which it boils 

9 The magnitude of the temperature-drop between the steam 
and the boiling liquor 

These conditions for good heat-transference should be attained 
in the simplest possible manner, so that in actual practice the 
construction is without complication, all parts are capable of easy 
inspection, and the apparatus easy to run. There should also 
be security against juice loss and finally the evaporation should 
not be too expensive. 

In short, simplicity in construction and working arc the chief 
requisites in all sugar-house evaporators Since cvaporatois 
work night and day, only a few hours on Sunday being available for 
cleaning and repairs, all parts should be made with a view of 
avoiding all chance of interruptions to the work of the factory, 
especially those which might require more than ordinary care and 
attention, since the running of evaporators must usually be left to 
unskilled labor 

This requirement of simplicity is usually met in a very satis- 
factory way in the horizontal and vertical apparatus found in 
most factories With other types, some of which are recom- 
mended on quite sound theoretical grounds, such as the film 
apparatus, mterruptions and irregularity in working are con- 
tinual, so that properly such have not found much footing in the 
industry. In place of a vertical-tube system, some evaporators 
have been built with inclined tubes and are recommended both 
for evaporation and crystallization. For certain purposes they 
may have some advantages, but it has not appeared that they are 
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any more efficient than a properly constructed vertical 
apparatus. 

It must always be kept in mind that the efficiency of an e\"apo- 
rating apparatus is of course the leading consideration, and it cer- 
tainly makes no difference whether you pay the same pi ice per 
square foot of heating-surface in one case as for two square feet 
in an apparatus of different make of only half the efficiency. 
Indeed the efficiency of an evaporating apparatus, speaking 
generally, is dependent not on the special heat economy of the 
whole system, but entirely on the proper arrangement and combina- 
tion of the individual parts. 

The efficiency of a single-effect apparatus, therefore, does not 
depend primarily on any special design, although this is always an 
important considciation With whatevci apparatus is at hand, 
the object should always be to work it to its highest efficiency. 
With such an end m view, excellent results can he obtained with 
very simple means and costly enlargements of the cvaiiorating- 
plant be avoided, if the fundamental icquiromcnts for the case at 
hand are thoioughly understood A brief description of the 
means of increasing the efficiency of the oidmary \ertical and 
horizontal evaporators seems thcrcfoie ni'cessaiy 

Ihe most important influences on the ofluMcmey of an e\ aporator 
aic the juice-level and the juice-circulation. Formc'ily it was 
thought necesary to keepthc juioo-level in V('rtical apparatus at l(‘a »t 
high enough to fully cover the upper tubc-]ffate, so that the liquor 
would be at least as deep as the tubes wore long, that is, H-l^ 
meters (4-5 ft). It was the same in the ordinary horizontal 
evaporators However, the deeper the juice-laycr which rests on 
the heating-surfacc, the higher proportionally the pressure on that 
part of the heating-surface and consequently the boiling-point. 
The fact that actual experiments with thermometers show exactly 
the same temperatures at the top and bottom of the heating sys- 
tem is no argument against this statement, since the movement of 
the liquor in the apparatus is so swift that juice overheated at any 
part of the heating-surface directly against it immediately moves on, 
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and, after giving up its excess of heat, mixes in with the commo 
circulation, so that the temperature, measured by introducing 
thermometer, will be equal at all points Nevertheless it is tru 
that liquor next to the heating-surface under a head of juice, a 
well as the heating-surface itself, must have a higher temperature 
if bubbles are given off and this liquor is not circulating with th 
rest. Certainly this is so when the bubbles are escaping, or otherwis 
no steam could be formed. The difference in temperature botwee 
the steam used for heating and that of the liquor which i 
in. actual contact with the heating-surface is less, therefore, th 
greater the head of liquor. Since the rate of evaporation is approx 
imately proportional to the temperature-fall, it follows that th 
efficiency of an evaporating apparatus is diminished by kecpiiii 
the juice at a high level. On this account the heating-tubes ii 
vertical apparatus have been made shorter, but with the disad 
vantage that the heating-surface was diminished, since for othe 
reasons the diameter of an evaporator should not exceed 3 mctci, 
(10 feet). 

Such shortening of the heating- tubes is not only unnecessary 
but indeed detrimental to the evaporating efficiency if the ajipaiatu! 
IS worked at a low juice-level The jiuce will be projected out o 
the tubes by the escaping steam-bubbles, and will rise in foam s( 
that the tubes throughout their entire length will be covered witl 
liquor, the circulation over the hoatmg-surfacc will be rapid, anc 
in consequence of the foam only a slight prcssiuo will be cxcrtec 
by the bubbles The longer the hoating-surfaccs arc, up to r 
certain limit, the more rapid the juice-circulation without rnaikoc 
increase of pressure in the lower part and the greater the efficienc} 
of the heatmg-surface. 

How low the juice-level should be carried, as shown by a juice 
gauge working according to the principle of communicating tubes 
depends on many conditions, especially on the viscosity of the 
liquor and the volume of the steam-bubbles formed from a specified 
quantity of water In the last effect containing concentrated liquor, 
therefore, the level can be maintained lower than with thin juice, 
Experience teaches the proper height, but care should be taken to 
have the juice always foaming or spurting out of all heating-tubes. 
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In the horizontal apparatus, also, the juice-level should be as 
low as possible, although these will not work as satisfactorily as 
the vertical. Nevertheless it is possible with horizontal makes 
to get a very large heating-surface with small height of steam-chest 
if the trunk shape (^'wagon-top*') design is used. This form is 
therefore the best of all 

In order to increase and facilitate the juice-circulation of 
vertical evaporators, circulation-tubes of large diameter are placed 
in the middle or distributed through the heating-surface, these 
serving to return the juice coming out of the top of the tubes down 
to the bottom of the apparatus. Often the juice flows back at the 
outer edge of the tube system, this being so suspended as to form 
a ring-space between the walls of the evaporator and the tube 
section In the horizontal evaporators the single tubes or tube 
sections should bo sulhciently far ajmit to allow the juice to find 
its way to the bottom readily 

Anothei way to increase the speed-circulation of juice consists 
in hanging wooden or enamelled non rods in the heating- tulic^s so 
that their circular section is contracted to a ung 'riie trouble with 
using wooden lods is that thi'y become disinU'graUvl through action 
of the heat and thcalkali(\s in the juice, while afUn' lioihng out the 
apparatus with acid they color the juice dark lion lods in 
propoition to thou usefulness arc too expensive 

The speed of the juice-circulation can also b(' increased hy using 
tubes of smaller diametei , because the cajiacity ol a tube deciease*s 
much faster than its heating-surfai’c Usually narrowei tubes are 
used foi the first effect than foi the last, so as to have the diameter 
of the heating-tubes bear a certain relation to the volume of the 
escaping steam 

A contrivance for improving the jiucc-eirculation in the first 
effect of a multiple-effect apparatus is called the circulator” and 
consists of a small vertical evaporating apparatus connected with 
the regular thin-juiee effecd above and below ''Phe circulator is 
heated with direct steam, which throws up the juice in bubbles and 
forces it over into the tube system of the large apparatus, while the 
juice in the bottom of the large effect passes into the small apparatus. 
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The use of this circulator is very doubtful; because the circulation 
induced by it in the large apparatus is one which ali'catly exists 
there, but in exactly the reverse direction If the circulator is 
advantageous, it is because it utilizes the high temi^eraturo of 
direct steam, better than by mixing live steam with exhaust 
whose temperature and pressure make it useless for expansion. 
Hence in the circulator the temperature fall is very much greater 
than m the first effect, with which it is connected and its capacity 
per unit of heating surface likewise greater. 

The heat'transference depends also upon the speed with which 
the steam passes over the heating-surface and upon the readiness 
with which condensed water is taken away from the heating- 
surface- In vertical apparatus the speed of the steam in the heating 
chambers is not great, whereas the condensed water flows away from 
the vertical tubes quickly and completely In horizontal apparatus 
a great speed can be obtained by a suitable arrangement of tlie 
heating-tubes in sections, especially if the tubcKS have a small 
diameter, only 20 mm (i inch) or less The speed is only veiy 
great, however, in the region adjacent to the steam-eutianec', as 
the steam goes toward the condensation discharge-pipe its vidocity 
lessens till it finally becomes practically zoio The condemsed 
water flows but slowly in the tubes of the horizontal apparatus , in 
fact the lower parts will never be quite free from wat('r unless it 
collects in places where the flow of the steam-current is swift, so 
that the water is carried along with it Vertical apparatus should 
be improved so as to increase the steam-flow, while in horizontal 
apparatus the aim should be to carry away the water 

All steam, direct as well as exhaust, carries a small amount 
of uncondensed gases, especially air, small quantities of carbon 
dioxide, and ammonia. Usually these condensed gases arc re- 
ferred to as ^^ammonia-Vapor,*' although the bulk of the ammonia 
IS absorbed by the condenser water. If these gases arc not taken 
away, they collect in the heating-chambers and take up a constantly 
increasing space, which is consequently lost for condensation and 
likewise for heat-transference, hence the importance of completely 
and continually removing these gases is obvious, and the more 
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so when it is remembered that the ammonia always present in 
-combination with the oxygon of the air corrodes brass and copper 
tubes badly if allowed to remain long in one place Attempts 
have been made to remove the ammonia collecting in the exhaust- 
steam piping, by means of sulphurous acid, sulphuric acid, potash 
alum, or other absorbing agent, with the hope of getting back the 
increased expense by the value of the ammonia recovered, but 
these contrivances have not proved economical The amount 
of ammonia in the cxhaust-slcam has been greatly overesti- 
mated 

In the evaporation of the juice of 100 kg. (220 lbs ) of beets from 
20 to 30 grams (about an ounce) of ammonia has been obtained 
under favorable conditions, so that m a factory of average capacity 
there would be recovered dail v only from 100 to 200 kg (220-440 lbs ) 
of ammonia gas. This snuill amount docs not pay for the costly 
and unreliable apparatus which would have to be built into each 
effect of the evaporator Moreovei, such apparatus would only 
mitigate the coiiosion, since gases other than aininonia still lemain 
in the steam to be sucked off Such a gas is carbon dioxide, wdiich 
originates m the juice and which escapes in large quantities, 
especially from ovci-(‘ai bona ta ted liquors. Frequently this gas 
forms ammonium caibonatc with the ammonia in such quanti- 
ties as sometimes to stop up small pipes 

Naturally a largo escape of gas does not occur when the steam 
passes into the heating-chambers, where there is always a strong 
current but there arc spaces where thus cm rent is quite slow, and 
it is there that the gas collects. Experien(»o has shown that in 
vertical apparatus only the upper ends of the brass tubes are 
corroded, from which it has b('cn co-rrcctly inferred that the gas 
collects only in the top of the heating-chamber A^ont-pipcs are 
therefore placed in the top tube-plate, ananged in different places 
according to tho number and position of the stcam-inlcts. If 
there is only one steam-inlet, tho pipe is located where it can 
exhaust most efficiently, that is, where the uncondcnsable gases 
contain least steam, at a point farthest fiom tho outer edge and 
the middle circulation-pipe. If there arc two steam-entrances on 
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led to the condenser but to the evaporating-chamber of the same 
effect, so that the steam is used in the next effect. 

It should be seen that a rapid and complete exhaustion in the 
evaporator can be obtained at the time it is started, when the 
heating-chambers arc full of air. 

Before the heat of the steam can act on the liquor it must 
first pass the walls of the heating-surface. The material used for 
the tubes is usually brass, iron, or steel, copper is little used for 
evaporators, except in the coils of vacuum-pans The conductivity 
of metals vanes considerably, although this difference is of little 
consequence if the heating-surfaces of the tubes are clean More 
depends on the thickness of the walls, especially as the walls 
of an iron tube, which is a poorer conductor, must be thicker than 
those of a brass tube A veiy important point is the condition of 
the heating-surface, not only on the juice side, but the steam side 
also The most impoitant consideration which makes bi ass tubes 
better than those of iron is that the iron after a shoit time becomes 
covered with a thin coating of rust which cannot be removed and 
conducts heat badly Iron tubes with especially thin walls have 
been used m many factoiu's, but these thin-walled tubes are not 
to be reeomrneiKh'd, l)('(*ause they arc attacked when the apparatus 
is boiled out with muriatic acid and soon must be reni'wed because 
of leaks On the juice suh' th<i sole problem with tubes of all 
kinds IS that of scale-deposit. 

There aie indei'd fc'w cases of thin juices which do not deposit 
scale howevei well filtered and defecated The salts which arc the 
chief scale formers, namely, those of lime with caibonie, sulphuiic, 
sulphurous, oxalic, and some oiganio acids, arc but partly soluble 
in the thin juice Being more soluble in thin juice they precipi- 
tate, not only from the evaporation but also on account of their 
slight solubility in the thickened juice, and form a firm coating on 
the hcating-surfaeos. If the thickness of the scale keeps within 
moderate limits, the evaporating efficiency of the apparatus does 
not suffer appreciably, but in the course of time tho amount of 
deposit becomes so great that measures must bo taken to remove it. 

The amount of deposit varies greatly in the different vessels 
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opposite sides, then the place to vent is half-way between them. 
Should experience show that there was corrosion at other points, 
vents must be put in at such places also, for these corroded spots 
are unmistakable signs of a collection of gas In placing vent- 
pipes in the tube-plate care must be taken not to let them project 
through the tube-plate, but to cut them off flush with the under 
side, otherwise there will be a collecting-spacc which cannot be 
exhausted of gas In order to prevent corrosion of the upper 
part of the tubes entirely it is also suggested that they be coated 
with a durable varnish or specially protected in some similar way 

In the horizontal evaporators the steam-entrance is always at 
one end, in consequence the uncondensable gases will be forced to 
the exit ends of the tubes or into the tube-chest, together with 
the condensed water The vents should therefore be at the top 
of the exit-chamber. If the tubes are not perfectly horizontal 
but bent, the gas will collect in these bent tubes and corrode them 
in a short time. 

As already mentioned, it is impossible to remove only gas; a 
comparatively large quantity of steam escapes at the same time. 
Just how far gas-venting should be carried can be determined only 
by actual experience A little too much is better than not enough, 
for the steam-loss is not so serious as a bad corrosion of the tubes 
and consequent wearing out of apparatus Most care should be 
given to the venting of the heating-chamber of the first effect, 
because here the steam is at its greatest efficiency, the vapors in 
the later effects, which have been used over several times, have 
less pressure, so that the gases can be drawn off freely, opening the 
cocks fairly wide. As a limit it may be stated that the vent- 
valves or cocks of the first effect should not have an opening 
of more than 5 or 10 mm. (^| inch) If they happen to be 
larger, their openings should be reduced, or a diaphragm with 
a hole of the appropriate size screwed into the pipe. On the other 
hand, the valves of the last effects can have a diameter of 25-50 
mm. (1-2 in ) and should be at least half open. In order to keep 
the heat-loss within reasonable limits, the steam which is taken 
off and which contams less than 1% of uncondensable gas is not 
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of a multiple-effect apparatus If the juice is well defecated, 
carbonatated, filtered, and boiled up, very little deposit is found 
in the first effect, but in the later effects there will be more or lc3s 
according to the content of difficultly soluble lime salts. If the 
final carbonatation is incomplete or not carried out hot enough, 
or the filtration carelessly done, a thick scale will appear m the 
first effect This deposit consists mostly of little slimc-particlcs 
which get into the apparatus, the deposits in the later effects being 
caused by the precipitation of the lime salts dissolved m the thin 
liquors through their concentration Hence boiling up the juice 
before evaporating will not prevent the formation of these deposits 
in the later effects Boiling up of the juice before and after final 
carbonatation is so effective that there is little use for a special 
blow-up plant for thin liquor which has been properly carbonatated 
and filtered, as experience has often shown in those places wheic 
work goes on without Sunday intei missions. What seems more 
advisable in such cases is introducing a filter-plant for th(' juict' 
passing from one effect to the next, in some cases using pumps if 
the difference in pressure is too small. 

Removal of scale by mechanical means, such as brushes, scrapers, 
or cutters, is only possible in vertical evaporators during crop 
time not in the horizontal ones, because their tubes have to be 
removed for this purpose Indeed mechanical cleaning of vertical 
apparatus is difficult, slow, and laborious. Hence chemical clean- 
ing is practiced everywhere, either boiling out with soda and then 
with muriatic acid or with acid alone, which with rare exceptions, 
providing the boiling is thoroughly done every Sunday, keeps up 
the efficiency of the apparatus throughout the crop. 

If the scale-deposit is practically all carbonate of lime, boiling 
with muriatic acid is sufficient Often, however, there are other 
lime salts present which form deposits not readily soluble in 
muriatic acid, more particularly lime salts of sulphurous, sulphuric, 
or oxalic acid, likewise lime soaps which are formed from fats 
introduced to prevent foaming. Other occasional constituents of 
scale are silicic acid, alumina, and iron oxide, which come from the 
lime, likewise undecomposed fats, which do harm so far as they 
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prevent disintegration of the scale by the boiling liquors and 
therefore impede the action of the muriatic acid. In all such cases 
it IS advisable to bod with dilute soda solution first, so as to change 
lime salts into carbonate and disintegrate the scale by dissolving 
the free fats. The scale so treated dissolves easdy in muriatic acid. 
If it is desirable to dispense with a double boiling out, a charge 
of sodium bisulphite (acid sulphite) is excellent, as this changes 
the lime carbonates and organic salts into sulphites which expand 
and so crack and break up the hard scale that it is readily attacked 
by the muriatic acid Rarely scale resists this treatment, unless 
it contains a large amount of silica and alumina, when mechanical 
means must be resorted to 

Muriatic acid used for cleaning evaporators must not be too 
concentrated, as it should under no circumstances dissolve any 
appreciable amount of iron which would weaken the apparatus 
The scale makes sufficient protection to the walls of the apparatus 
if dilute acid is used The amount of hydrochloric acid in the acid 
water should never be more than 1% for the last effect where the 
scale IS most, and not more than pei cent in the preceding 
effects To pre\ent the walls from being attacked by the muriatic 
acid as it enters, as might easily happen if it ib too concentrated, 
it IS a good idea to draw it into the apparatus while the "water is 
boiling under vacuum by means of a pipe extending into the 
middle, as when the w’ater is boiling the mixture will be immediate 
The boiling should not be at too high a temperature and should 
last 1-2 hours. If the work is done in that way, the apparatus 
IS brought to its original efficiency, it is m nowdse injured, and 
should be good for twenty years’ work, or more 

While boiling out with acid, acidity tests of the condensation- 
water should be taken If it reacts acid, it should not be used 
for boiler-feed, or it should be first neutralized with soda 

The soda solution used for boiling out should contain i to 1^ per 
cent of anhydrous sodium carbonate Boilmg out with this solu- 
tion should be as long as possible, and the highest possible tempera- 
ture should be maintained in all effects. The vacuum is therefore 
lowered by opening the air- valves, or most of the water is turned 
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off the condenser Violent boiling is not necessary here, as is the 
case when muriatic acid is used. It is sufficient if the liquor is 
merely moving. 

After boiling out with muriatic acid, the evaporator is imme- 
diately emptied of acid water and very carefuUy washed out with 
pure water, the best way being to fiU up over the tubes All water 
connections of the evaporator should come from a common pipe 
closed by one mam valve This valve is securely locked when the 
apparatus is runnmg, so that no water can mix with juice through 
any misuse of it No inspection of the apparatus should be made 
after it has been boiled out tiU sufficient air has been sucked in 
by the vacuum-pump to insure against any possible danger from 
detonating gas being inside 

If the full efficiency is not restored after boiling out, it is a sign 
that the solutions were too weak or tliat the boiling out was not 
long enough. This will have to be rectified the following Sunday. 
It is not, however, necessar}" that the tubes be completely clean 
and free from scale after boiling out, as long as the evaporation is 
as good as ever, and the scale-deposit thinner, and especially if it 
has become porous It is obvious that all apparatus must be 
fitted with suitable valves for introducing chemicals and boiling 
them up quickly Everything should be arranged as conveniently 
as possible for utilizmg to best advantage the short resting-time 
which Sunday affords 

The viscosity of the juice exerts another most important in- 
fluence on the heat-transference in evaporators Since the juice 
has a purity of 90 or more, theie are but little non-sugars in pro- 
portion to the sucrose, and their influence is so small that the 
variable constitution of the juice need not be taken into considera- 
tion. Juices of the same concentration have practically the same 
viscosity, but this viscosity increases enormously in proportion 
to the concentration of the jmce, that is with its sugar-content 
Hence thickened juices are much more viscous than thin ones 
and make the capacity of the thick-juice effects notably less than 
that of the thin-jmce effects 

Moreover, the last effects work under more unfavorable condi- 
tions in one other point, namely, that, owing to the higher vacuum^ 
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they have a lower boiling-temperature than the first effect The 
heat-transference is less at a lower temperature than at a higher, 
all other conditions being equal, and this heat-cocfficicnt falls 
rapidly at temperatures below the boiling-point, while at 100° 
or over the change is not so great It would be more advantageous, 
therefore, from this point of view, to have all the effects evaporate 
at a temperatuie of aliout 100° or ovci The highest pressure of 
engine e\haust-steam is, however, under usual Conditions |-1 
atmosphere (12-15 lbs ), hence its teinpeiature is as high as 115°- 
120° (239°-218° F), which gives too small a range for the entire 
temp(‘ratur e-drop necessaiy for a multiple effect Aside from this, 
the thicker sirups must be evaporated at the lowest possible 
tempi'ratuie to avoid (U'composition 

As a ])r(weiitivi‘ ot the injunous in/Iiience of th(' unavoid- 
ably low l)oiling-l<‘in])i‘ralin(‘ in t.h(‘ last elli'cts, ivhoi t is made 
to an increase in temperature-fall in tlu* boding und(‘i a 

viiciiuni H\ mcnaiMiig tliih lull not only is lh(' nniount ol heat 
tianhl(‘ire<l corK'spondmg to tliih lull gK'aU'r, but tlic' heat-tians- 
feienc(' cocdlicKMit nsc's pio])Oi tionallv d1iis ('(xdlicK'nt, that is 
th(‘ ainoiint ol li(‘at t lan.slViU'd to oiu' S(|uai(' iiu'fi'i of lu'atiiig 
suiiac(‘ in oii(‘ hour foi (‘\(‘n dt'gux^ (‘(‘iitigradc*, is aboul lO lor 
a ti‘nip('ialui(‘-fall liom to 05°, but loi a tall lioni 85° to 05° 
It ih about 15 In piactic(‘, tlunefoie, us(‘ must be made of this 
fact 

d'li(‘n' should be no mechanical sugar-loss inajiroptMly con- 
btnict{‘d i‘\aj)orating a|)])aiatus The only cause foi such loss is in 
leaks in tulx's oi tub('-plat(*s Wluk* lunning no loss of juice can 
commonly occiu lane, as th(' pn^ssunMif the stc^am in tlu' heatmg- 
chainbei is olivioiisly always great(*r than m the evaporating section, 
including the jin'ssun' of the juice-cohmm Indei^d steam and 
condensed wat<*r can enter the juice at any leaky spot, but the 
juice can never entc^r the steam-space. When work is interrupted 
the conditions become quite different, and thin juice loss is 
the unavoidable consequence of such leaks. Therefore great 
care should be taken to keep the tubes in good condition and 
the tube-plates tight. Before the campaign, the apparatus when 
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trouble bacteria. Hence the thickened juice is infected with 
living germs which readily pass over into the product later in 
process unless the juice is subsequently filtered and heated suf- 
ficiently long at 100° C The best juice-trap is a lofty evap- 
orating-chamber Two opposing forces are continuously at work 
upon the spray thrown off from the surface of the boiling juice. 
The initiiil velocity with which this spray is hurled upward, either 
diicctly or obliquely, is augmented by the upward current of the 
vapor, but it is also continually diminished by the influence of 
gravity In the broad space of the evaporating-chamber the 
speed of the steam-current is only about 4-5 meters (13-16 5 ft ) a 
second, about equal to the velocity of a moderate breeze At such 
speed there is little tendency for the thin liquor to spurt up, but 
the restraining force of gravity is the same whether the drops of 
liquor are large or small Experience has shown that the vapor- 
space of the evapoiator should extend fiom 3 to 5 meters (10 to 16 5 
ft ) above the juice-level in order to have the smallest particles of 
spray lose their ujiward velocity If this be done, thcie need be 
little feai of sugar-loss oven in the thick-sirup eih'cts 

There is a common belief that it is not the diojis which aie 
entrained, but liulibles consisting of thin films filled with vapor. 
Naturally bubbles of this iiatuie, owing to their slight density and 
relatively laig(' volume, would readily l^e (*ntiain(‘d, but foi this 
bubble hypolh(\sis tlieie is no good scientific reason, and scarcely 
anv actual evidc'iKU' It is certainly a fact that no juice, or, if an}^, 
a (luito ru'gligiiile ([uantity, is entrained if the vajioi-sjiaces are 
sufricieiitly high, as can Ix' easily pi’ovetl by testing th(» water in 
the hot-w(dl for sugar A good and convi^nient control apjiaratus 
for determining whctlu»r sugar is entrained consists of a trap on 
the bottom of any horizontal section of the vapor-pipe. A small 
portion of any sirup entrained will deposit with the water condensed 
on the walls of the pipe and will flow into the trap Naturally 
this will only show that sugar-loss sometimes occurs, but if the 
water m the trap shows no sugar, or only a trace, it can be 
assumed with confidence that any sugar-loss must be exceed- 
ingly small. 
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ready io start should be tested by water-pressuro, unci c^HpcKdiilly 
the multiple effects, using the water-tank i)ri'sstir(* whicdi is 
always more than 1 atmospliore (15 lbs.) and ptitting t»u the 
juice-boiler a pressure higher than the higlu'st st('Uin-i)rt‘ssun* ns(‘d. 
In vertical apparatus the water- pressure should Ix^ on tlu‘ hIcnuu- 
chainbcr, in the horizontal evaporators on tlu^ juicx* side', .so that 
every tube will be tested for leaks. 

The second cause of sugar-loss is entrainment of juice-spray in 
the exit-vapors. In this way miuda loss can take i)la(*(' if unbu'orabh' 
conditions exist. Entrainment of juico is more likc'Iy the* grcxitc'r 
the evolution of steam from the juiec', the' more' (»n(*rg(dic» tlu' 
escape of bubbles from the surface of thc' liejuor, llu' luglic'r the 
viscosity, and the more rapid the current of vapors passing out of 
the apparatus. 

In the first effect, danger of entrainment is vc'ry sin.'ill IxM-aiisc* 
when under pressure or liglit vacuum the (*seii])ing stc^ain has liith* 
volume, while the juice is thiii and moliile and the* \apor-cnn(‘Mt 
slow In the later effects, on the contrary, whew the' steam has 
nearly SIX times the volume it has undt»r atmospheric ])ressun', 
the viscous sirup is more or less atomized by th<» (‘\plodmg l»ulii)les 
This escaping spray goes tlirough the t.ulies where lh(‘ specrl ol tlu' 
vapor-current is 100 meters (32S ft ), or mon», a scr-ond and is 
entrained into the condenser and lost in the* hot-w(‘ll 

Juice-catchcrs made in various ways a-rc' placcrl in tlie \apnr- 
pipe lines for trapping this juico-spray, the (rimmon pnncMple on 
which they work being to retain the minute drops of li<|Uor cMtlitU’ 
on the surfaces of sieves or vertical partitions, or (o allow tlura to 
fall into an enlarged chamber in the iiijK'. Tlu' value* of tlu'sc' 
juice-traps is often doubtful They can do harm if thc' juicr' 
which is caught docs not flow liack at oncc' into the' ewaporator 
This juice, which is much diluted by the conrlensed waiter, cools 
and becomes a breeding place for micro-organisms whic’h <iui(*kly 
propagate in great quantities. If this badly infected juicc' flows 
into a thick juice effect, the bacteria will continue to propagate 
if the vacuum is high, since the temperature will be low. The 
temperature of the thick juice effects never is high enough to 
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Mulliple-efifect Evaporating Apparatus.— In constructing single 
effects the principal considerations are reliability of working and 
speedy and efficient evaporation, but the peculiar arrangement of 
the evaporatmg system of the multiple effect has the additional 
object of more complete economy of the heat of exliaust and direct 
steam by using it over a number of times for evaporating, heating, 
and boilmg 

The number of effects united in one system shows the number 
of times the heat of the steam is utilized, although occasionally 
two or more evaporatmg-vessels will be heated with steam at the 
same pressure In the latter ease such vessels can be considered 
as one member of the multiple-effect apparatus. In such arrange- 
ments it is better not to introduce the vapor and the j’uico directly 
mto each vessel, but to unite the vessels in such a way that the 
juice from the preceding effect enters one of them and passes out 
through a large overflow pipe into the bottom of the next, the 
vapors going in the reverse direction By this airangement 
greater efficiency and easier control are effected, since, liy legulat- 
mg the jmce-level m the first vessel, the juicc-lovel of the other 
is adjusted. 

There are certain limits to the use of steam in multiple ef- 
fects The total temperature-fall, that is the difference be- 
tween the temperature of the steam used to heat the first ef- 
fect (exhaust-steam) and the temperature of the boiling sirup 
in the last effect, is at most 50° (122° F ), since the exhaust- 
steam when engines are working economically (and if they do not, 
the work suffers) is at never more than ^ of an atmosphere (1 1 lbs ) , 
while the vacuum is rarely higher than 60 cm (23 6 inches) This 
total temperature-drop cannot, however, be divided into any 
desired number of smaller temperature changes, but rather a lower 
limit of fall is -set for each effect below which a good evapora- 
tion cannot be obtained even by increasing the heating-surface. 
Practical experience teaches that the temperature-fall in the first 
effect, whose contents are boilmg at 100° or over, should not bo under 
4°-5°, m the naiddle effects 7°-10°, and in the last effect not less than 
15° Hence it follows that division of the total temperature-fall into 
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more than six parts is not practically feasible, and hence sextuple 
effects represent the highest limit of multiplication used in sugar- 
manufacture But since there are also great difficulties arising in the 
sextuple use of exhaust-steam, even quintuple effects have not be- 
come common in facitories, quadruples being mostly used, although 
many triples are employed, either with or without juicc-hcaters. 

If the amount of steam which an evaporator will use for boil- 
ing and heating is estimated, it should be on the assumption 
that all the vapor from one effect of an evaporating system passes 
into the next effect and is condensed, all its available heat being 
transferred through the heating-walls into the juice and being 
utilized in eva]ioratioii. 

One kilogram of sU^am on condensing gives out different amounts 
of heat accoiding to the tc^mpeiature of the condensed water If 
the cooling which tlu' condi'iisc'd water undergoes when flowing away 
from the heating-tiil)(*s is laluMi into eonsideration, and this differs 
according lo tht‘ const met ion ol th(' heating-tul)(\s, hut is never 
very great, it will he found that this w^atcr has a hMUiieratuic which 
will cause it to boil undei the vacuum of the heating-chambei. 
'I'herefore, the highei the pu'ssuie of the heating vapors, the greater 
the amount of lu^at that tli(‘ c()ndensation-w’'ater will retain lienee 
in a single (ih'ct not 1 kg of w^atei is evajioiated by 1 kg, of steam, 
but somewiiat l(\ss, and likewisi' a mult i]>le-(‘lfect evajioiator does 
not evaporate' 2, Ih iiOr nioi(‘ kg out of th(‘ juice, but always less, 
in proportion to tlu' ('\cess of lu'at of the coiuk'iise'd water over 
that of tlu‘ boiling juice' i'his epiaiitity e)f lu'at is, however, so 
small as tei be negligible' in ])iae*tical vveiik 

If the'ie IS ap])ie)\iinately the same epiantity of water to be 
ewapoiateel out of the' juice m each efleet, all the heating-surfaces 
i,hould not be equally large, since the magrutudo of the heat-trans- 
lerciice m different elTe'cts is very different As has bei'n alieady 
shown above, the (Minditions feii luiat-transfercncc arc much more 
unfavorable in the last effect than in the' first In the last effects 
the sirup has more viscosity, the boiling-tomperature is lower, and 
the deposit of scale greater. In order to attain the greatest possible 
efficiency of the whole ovajiorating system, these unalterable^ 
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unfavorable conditions existing in the last effect must be counter- 
balanced by making others more favorable but without affecting 
the efficiency of the first effect 

The means at hand for increasing the heat-transference of the 
last effects are to increase the temperature-fall and to keep the IjoiI- 
ing-temperature not too low by too high a vacuum If the vacuum 
rise? much above 60 cm (24 inches), it is true that the tempera!, uro- 
fall increases more in proportion to every centimeter rise in the 
vacuum, but the heat-transference coefficient decreases in much 
greater proportion as the boiling-tempcraturc sinks. Hence it 
appears useless to keep the vacuum higher than 60 cm , and indeed 
such high vacuums are difficult to reach unless a large amount of 
cold water and a perfectly working vacuum-pump arc available. 
Taking all circumstances of actual practice into consideration, it is 
best to work at a vacuum of about 60 cm. 

Another means of increasing the efficiency of the last effects and 
likewise of the whole multiple effect is to increase the tcmjxn'atun'- 
fall. Since, as has just been shown, the boilmg-temperat-iiix' cannot 
be advantageously lowered more than that corresponding to 00 cm 
vacuum, the* temperature of the hcating-vapors must he laised. 
It follows that these later effects should be made smallei , ('sp('cially 
as the total temperature-drop of the whole system is fixed onc(' for 
all. The apportioning of this tenipcraturc-drop must l)e such as 
to have in the first effect the smallest practical )le dilTenmce iii 
temperature between the steam and the boiling juice, while the 
remaining temperature-drop should bo greater iiroiiorlaonuh'ly in 
each succeeding effect. It follows further that the first efh'ct must 
have the greatest heating-surface, as there is l(\ss t(*m])erat,ure-drop 
here for evaporating the necessary amount of water from the jiuee, 
while the last effects require proportionately less hcatmg-surfaco. 

Besides, the first effects should be made still larger, so as 
to give steam for the heating and boiling of the juice and sirup. 
It will depend mainly on the extent and the hcat-Lransforcnce 
efficiency of the heating-surfaces in the cookers and heaters, the 
mitial temperature of the juice, and the temperature re piirod as to 
whether the heating-vapors be taken from the first or second effect 
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or whether one shall furnish heat for boiling and the other for 
heating 

If the boiling-point in the first effect is too low for heating ivi I 
boiling, because the later effects arc too large and the vapor 
prcHHuro in all the effects arc too low, the pressure can be raised 
in (he first effect or in both first and second effects as high as is 
compatible with the pressurti of Uie exit-vapors by inserting throt- 
tle-valves in the vapor-pipcs Such arrangements should only be 
installed under th(‘ express condition that they arc recommended 
by experts, and should be so constructed that they could not be 
completely closed 

Cold law juice especially can be heated by the exhaust-vapors 
of the last efff'ct, because these have a temperature of 6()°~70® (140°- 
15S° F), while the juice is at only 25°-35° (77°-95° F) Ihis 
method of healing is very d(*sirabl(' liecause it is entirely without 
fuel-cost, since the heat would olheiwisc be lost Such a heater 
has no influence^ on Uk^ size of the evaporator nor on cost of manu- 
facture, l)e(‘aus(' it IS placed in the e\it-pi})e to the dry condenser 
All th(‘ othei Ikjuois iciiuik' foi their healing steam of 1)0°-100° 
(li)4°-2I2° h' ) 01 ovei 'Ihis must cons(H|uenllv be taken fiom 
the (list two elh'cts ofc a (iiiadni])le-(‘ffect evaporatoi or from the 
fiist effect of a tuple, oi fiom llu* juicc-cooker, if theie is one, and 
fiist el feet 

Th(‘ so-called juice-cooker or preheater is an additional \eitical 
evap()rating-v('Sh(4 of th(' multiple systcmi whicdi is heat(‘d wi(li 
high-jin^ssiire or re(lu(*(*d liv(' ht(»am 

'lh(' installation ol such a juiei'-cooker is especially di'sinible 
wdK'K' I'xhaust-steam is not availalili' foi the evaporation and live 
steam is conseiiuently iisi'd, anil also when' sti'am of tlu' highest 
availablii pressure must Ix' usi'd for cooking and heating, such as 
cannot be had from the quadruple effect 

In the jincc-eooker the steam for boiling may be as high as | 
of an atmosphere (U lbs.) or even 1 atmospliero (15 lbs), the 
boiling temperature being raised to 116°-12()° (239°-24(S° F ) without 
fear of decomposing sucrose or that the juice will be made darker, 
provided it is sufficiently alkaline. By use of such high pres- 
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sures the heating-surfaces of cooking and heating apparatus can 
be made proportionately small and the steampipes of smaller 
diameter It is on this account that these juice-cookers have 
become popular in spite of many practical objections to them 
In most factories they use one juicc-heater, but some use two or 
even three the first heated by live steam, the second heated from 
the exhaust-steam from the first This arrangement is par- 
ticularly recommended in cases where, owing to the centralization 
of the motive power, little exhaust-steam is available The 
hve steam is thus utilized twice, and the waste vapors can 
then be used in conjunction with the evaporator vapors for 
heating and boiling 

There are certain difficulties connected with the working of the 
juice-heaters, partly on account of their being outside the real 
evaporating system, which can, howevci, be ovcieome In the 
first place it is not advisable to draw oi pump all of the juice 
through the juice-heater, because it is unnccessaiy that all of the 
juice should be brought to such high temperature WIkmi the 
juice IS drawn over into the first effect of the multipk' evaporator 
from the juice-cooker it gives off its excess heat in tlui loim of 
steam, so that consideiably less engine exhaust-steam will be con- 
densed and proportionally moie live steam will bo used It is 
advisable, therefore, to diaw in to the juicc-cookei only (mough 
juice to keep its density not higher than 15°-20° Biix (S 5°-ll 3° 
Be ), while the excess of juice is drawn directly into the first effect, 
where it mixes with that from the juicc-hoator Where seve]al 
juice-heaters are used this is not done As it is absolutedy nec- 
essary to keep the juice moving through, owing to the high tem- 
perature, all the juice goes through the first heater and then 
through the others 

Another difficulty encounteied in running the juice-heater 
according to the usual method is due to the fact that more woik 
is required of it at one time than at another For instance, 
when a vacuum-pan is just started, very much steam must 
be used to thicken the sirup, although during graining but 
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little IS required It may happen at times that, owing to a 
momentary stoppage m the juice-pipe, all the exhaust can- 
not be used in the first effect, while the juice-cooker at the same 
moment needs a large amount of steam. The result is that 
a large quantity of steam is taken from the boilers, while the 
exhaust blows off over the roof To avoid this trouble, there 
should be an exhaust-steam line connected with the steam line 
of the last juice-cooker the valve of which should as a rule be kept 
open durmg the working of the heater 

There is then a common pipe system for the exhaust and the 
steam used in the cooker, from which lead all the connections to the 
heating and boiling apparatus The last juice-cooker, therefore, 
controls the pressure of the exhaust, and the regulation of the steam 
used in heating simply depends on the pressure desired In this way 
the steam will be used m the most efficient and reliable manner, and 
the woik will be remarkably unifoim It will never happen that the 
juice foams in the cooker, because the evolution and escape of steam 
will be much more regular, so that sudden upheavals caused by rapid 
falling of the piessure and consequent foaming will never occur. 

If the juice-cooker is thus introduced into the common steam 
system, the contrivances so often recommended for controlling 
the inflow of live steam which are regulated by the pressure in the 
boiling-chamber will be not only unnecessary but rather superfluous, 
as violent and rapid pressure-changes will not take place, and the 
man in charge has merely to look at the steam-gauge 

Whether a juice-cooker is used or not, the evaporating-plant 
must be designed so as to gi\e under all conditions sirup of the 
required density ^ even if irregularities do occui in the work Ir- 
regularities of this sort for which, it is needless to say, often all 
sorts of ideas about evaporating apparatus are responsible, can 
never be prevented in actual practice, they are partly dependent 
on special conditions in the sugar-house, as, for instance, on extreme 
variations in the amount of exhaust-steam used in making masse- 
cuite from sirup in the vacuum-pan work Another thmg, the 
juice-supply is never uniform; at times, owing to stoppages of the 
beet-slicers or uneven pressure, the diffusion-juice comes irregularly, 
at other times the rate of carbonatation vanes, agam the filter- 
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presses run unevenly; in short, there are frequent cases when the 
juice IS in excess, and which the tanks could not take care of if 
the evaporating capacity were figured for an average juicc-supply. 

The capacity of an evaporating-plant should bo calculated not 
only with allowance for steam taken for heating and boiling, but 
for evaporating the desired amount of juice when only a pait of 
this steam is withdrawn. Besides, there should bo an excess 
calculated over the necessary heating-surface for the average juice- 
yield. (1) of about 10% allowed in all effects for occasions when 
work IS forced, and (2) for loss in heat-transference of the heating- 
surfaces from scale. Since this scale is formed in appreciable 
quantities only in the last effects, the increase in the heating-surface 
should be put there While an increase in heating-suiface of all 
effects of the evaporating system helps take care of a greater juice- 
supply, withdrawing more of the exit-vapors for use in boiling and 
heating from any one effect obviously influences only that effect 
and the one ahead of it, if there be such • Usually this irregular 
withdrawal of steam affects only the first effect and the juice- 
cooker It is not, however, necessary to icckon the aica of the 
heating-surface necessary for the maximum possible ([uantity of 
steam, it being sufficient, if a possible increase m the tom[U'iatuie 
of the vapors is taken into consideration, to calculate the heating* 
surface for the average quantity of steam to be withdiawn As 
the efficiency of an evaporator within nairow limits is ])ra(;tically 
proportional to the tcmpeiaturc-drop, and since this tempc'iat.uie- 
drop never exceeds C. (11°-14° F ), an mciease in the tempeia- 
ture of the steam used m evaporating of 2°-^^ C (1^ 5^-5 5° F.) 
(corresponding to an inciease in the exhaust-steam jiiessure of 0 2 
atmosphere or 3 lbs ) will be enough to raise the efficiency of an 
effect from 25 to 33 per cent. This increase is quite sullicient to 
provide for even maximum variations in the use of steam in the 
boiling and heating plants. 

A multiple effect by no means works in a fixed mechanical 
routine Any slight changes which are continually occurring in 
the conditions of evaporating or in other existing circumstances 
affect its efficiency to a very great extent. 
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The temperature-drop in the different effects shows most 
variation, and on this depends the heat-transmission coefficient and 
consequently the efficiency of the evaporator. All calculations of 
heating-surface aie based on a certain theoretical standard of 
evaporation, which is no less valuable even if later conditions of 
actual practice alter it The great efficiency of the multiple effect is 
not equal to what can be calculated theoietically, because all 
conditions of practice cannot be predicted 

Experience has taught us to arrange evaporators in a line 
consisting of elements exactly alike, a convenient number of which 
are united in one body Each element is trunk-shaped and has 
its own heating- chamber filled with veitical tubes. This heating- 
chambor is (*onnocted by a branch with the geneial steam system, 
and the tail-pipes lead by one or several blanches from each special 
heating-chamber to the trap system 'I'lic juicc-circulation in such 
evaporators must be especially good, since each sepaiate heating 
system (effect) has to l)c sepaiated from the otheis by suitable 
space. In this way appaiatus aheady installed can be easily 
enlarged without gicat ('xpense and structiual alterations, if su(di 
increase beconu's necessary Liki'wise changes m the heating- 
surface of difh'ient elements of the evapoiatoi can be easily made 
if those appeuxr advantageous 

The basis for thc' calculation of amount of heating-surface is 
the heat-transference coefficient. Foi the ordinary vc'rtieal or 
horizontal ti iink-sliaped (waporators the following figunvs can l>e 
taken as avcrage.s for piaetical use 

The eoeflieients in a cpiadiuple efft'ct arc in 1 (including the 
juice-cookcr) 40-50, in 11 iiO-lO, in Til 20-30, in IV 10-15 
In a triple effect’ in I 10-50, in 11 30-10, in III 12-15 
A necessary rcquireiiKmt in the application of these figures is 
that the apparatus is properly handled and pul together If the 
proper amount of steam is calculated, for jiuce-cvaporation and for 
withdrawal in heating and boiling, there will be all the necessary 
data for figuring out the heating-surfaces. (See Appendix II.) 
It is especially important to figure the temperaturo of the cxit- 
vapors low enough and make the temporaturo-drop m the first 
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effect small. The heatmg-surfacc of this effect should be especially 
large, for this extensive heatmg-surfacc is of the greatest value, as 
it insures the efficiency of the whole multiple (effect under all 
possible conditions. 

The value of an evaporatmg-plant whose capacity has boon 
calculated in the manner described depends on how the st('am of 
the factory is used for heating purposes. Theory and practice have 
shown that the economy is greater the more the steam taken 
from the vapors of the evaporators for boiling and heating and the 
use of live steam avoided as much as possible Ihuice a bettor 
utilization can be made of the vapors of a (piaib’uple (‘(T(‘ci for 
heating and boiling than of those of a (luiiituple oi s(‘\tiU])I(' (‘ffect, 
where such use is not advantageous. A tripk^ ('Ifect can do (‘ven 
better, provided fuel is not too c\p(‘Uhiv(' The juice extraction 
does not have such a groat influence on the work ol siigai -houses 
with well-designed evaporators as it used to in in()i(‘ ])i iniitiv(‘ plants 
As shown m the calculation of Appendix II, th(‘ total sti'ain con- 
suniption of a factoiy per 100 kg (2120 lbs) of bi'cds, ulnni the 
extraction was 115 kg (223 lbs) of diffusion juic(' was (>1 7 kg 
(135 7 lbs ) being only 3 kg (6 G lbs ) less, oi 5S 7 kg (12 01 Ihs ), 
when the extraction was 105 kg (231 lbs ) 'flu' I'litiK' amount of 
steam used in the factory for evaporating, when the (‘vaj)()ialois 
are properly calculated and of convenient snnidicity loi bc'ht 
practical work, is, exclusive of coolmg-loss(‘s, about GO p('i cenl of 
the weight of the beets No house ought to us(' iuok' than 70p('r 
cent, of steam, and all of this steam should be us('<l as (‘\liausi. or 
live steam in the juice-cooker and the first (‘ffect, providt'd no live 
steam is necessary for the overflow-heaters of tlu‘ diffusion plant 
as when they are heated by direct injection As shown l)y tabl(\s 
in Appendix III, if the number of effects of an c‘vaporating-plant 
is increased, which of course means better utilization of the exhaust- 
steam, or improvements arc made in the application of the heat 
of the cxit-vapors in boiling and heating, oliviously the steam- 
consumption can be still further cut down The more the steam 
is economized m evaporation the more evident become the losses 
by cooling and other wastes, and are forced on our attention. 
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In every case where improvements are made, careful calcula- 
tions will show whether the greater coal-economy lesultmg has 
paid for the increased cost of installation and alterations 

A theoretically interesting method of multiple steam-utiliza- 
tion, not yet introduced into actual practice, which is capable of 
reducing the steam-consumption still more, consists in compress- 
ing the cxit-vapors of the first and second effects with a pump to 
the original exhaust-steam pressure and hence restoring its 
efficiency Evidently such proceduic is onl}^ practicable whore 
pumps can be driven hy water-power Moreover, the trouble 
would be that the compre^ssed vapors would bo stionglv super- 
heated Highly superheated steam is, however, entuely iisck'ss 
for evaporating apparatus because, unless it is eook'd to tlu' 
saturatiou-U'niperature, it aids like' a gas and givc's up its Inait 
v<My slowly to tli(' h('ating-siii faees Kvm watiM-injc'ction (k)(‘s 
not inci(‘ase th(' heat-ti ansleienee sidlk'KMitly Again, tlu' eoin- 
piessoi-pump must be wi'll oiled, and in cons('(]U(‘n(*e tlu' eoin- 
piess<‘d steam contains oil which sti<*ks on ilu' lu*al ing-sin liu'cs 
and lessens (lu‘ li(‘at-tiansl(M*('ii('(' This tioubh' eau !)(' ovi'ieonie 
])y iis(' of high-pi('ssiii(' bloivcss insU'ad ol }>uinps 

The advaiitag(‘S ol this sNst(‘iii can hr altaiiu'd wilhout tlu' 
atteiulant drawdiacks iiuMitioned it steam-mjection apparatus is 
us('(l Hy us(* ol tins ajipaiatus i’\haust-.st('ain ol low pn'ssuu' can 
])e laised by liv(^ sb'am to a |)i('ssiii(' about \ an atinospluMi' (S Ib^ ) 
higluM without tlu^ imved st(‘am losing lu'at or undergoing pi»r- 
eeptible superheating 

The amount of exhaust-steam which can Ix' liroiight to a higlier 
prcssuic by this means dep(*nds on the l)()iler-pressur(' and the 
prcssuie- increase desin'd To comjiress 1 kg of ('xhaust-stc'am 
about 5 an atmospiK're (S lbs ) 2 kg, of live steam at 6 atmospheres 
(90 lbs ) pressure are nec(\ssary. 'To the extent that live steam at 
high pressure must be used in ihe evaporating-plant, this steam- 
jet apparatus can be recommended as a very inexpensive con- 
trivance for bettor economizing steam. It is important that the 
jet apparatus always works with full boilcr-prcssure. Since the 
amount of live steam necessary is very variable, it is a necessary 
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requirement to install not one jet apparatus only, that works at 
its highest efficiency at the maximum boiler-pressure, but several 
smaller ones which collectively have the same capacity, so that as 
many can be put into action as the amount of live steam available 
permits 

The steam-economy which can be attained by steam-jet appara- 
tus on the first effect sucking vapors from the second is theoretically 
as much, approximately, as obtained by installing a juice- 
cooker 

At the begmning of work when the evaporating apparatus is 
not runnmg, and during Sunday stops or interruptions of the 
factory, it is necessary to use live steam. The valves in evaporators, 
heaters, and pans should be always carefully watched to prevent 
them being opened through carelessness, they should be locked 
or the wheels taken off The best way is to have a large stop-valve 
on the mam exhaust-line leading to the heaters and vacuum appa- 
ratus and through which the necessary live steam is admitted 
One valve can be looked after much better than several 

As already stated, the greatest sugar-loss from decomposi- 
tion of sucrose docs not occur in evaporators, piovided the higlu\sL 
boiling temperature does not exceed 115°--120° C. (239°-248° F) 
and provided the juice is sufficiently alkaline; yet it cannot be 
denied that a small amount of sucrose, not e\cce<ling a fenv 
hundredths of a per cent , is destroyed. This loss increases not 
only with the temperature, but with the length of time lhai the juic(» 
IS exposed to such temperature For instance, of 100 j^arts of 
sucrose in the juice at 100° (212° F.) 0 114 part of sugar is 
destroyed m an hour, at 110° (230° F) 0 163 pari; and at 115° 
(239° F ) 0 175 part The average time that juice is in an 
evaporator is only half an hour if the temperature is 115° (239° F,). 
In apparatus evaporating at an average temperature of 100° (212° 
F) and consequently slower, the juice is in an hour and the 
sugar-decomposition is consequently greater 

The juice is likewise delayed m the evaporator if its juice-content 
is too great or if it is evaporated with too little temperature drop. 
This juice content is too great if the juice-level is too h’gh during 
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evaporating or if, in horizontal evaporators, there is too much 
useless space below the tuboi in vertical apparatus or between 
tubes in the horizontal type. Evaporating should be done under 
a low juice-hoad and the apparatus made as large as consideration 
of juice-circulation demands The bad habit must be avoided of 
filling up the evaporator with juice when there is a largo supply 
of thin liquor on hand or the sirup is coming off too heavy, and 
thereby at once lowering the efficiency of apparatus of oven the 
largest capacity There will be too much juice in the evaporator 
also, aside from troul-ilcs in the factoiy, if the heating-surface is 
too great for the amount of thin liquor 

The boiling-point of no evaporator should use above 120° 
(24S° F ), at least not for any length of time, as the sucrose decom- 
position increases veiy fast with every degice rise above this tem- 
perature In an hour, 100 parts of sugai lose by decomposition 
0 2S paits at 120° (2 1S° F ) 0 53 paits at 125° (257° F ) and 2 05 
paits at 130° (200° F) 

If, for any reason, thin liquors must be evaporated which are 
ncuiial or weakly acid (a manner of wo iking whieh, taking every- 
thing into consideration, scorns uUeily wiong), the boiling-point 
ought never to use above 100° (212° F), and even this is lisky 
Under such cii ciimstancos evaporating cannot l)c done with 
economy Considerable siigai-loss, ac(‘()Tnpani(‘d with a large 
drop m alkalinity, oeeasionally occuis fioin th(' intioduetion of 
juice infected with bacteria corning fiom badly designed juice 
catchers (s (‘0 above) Likewise evaporators which are so con- 
structed as to have a space under the tubes wheie the juice (*an 
cool will bleed active colonics of bacteria, especially leuconostoc. 
No such losses will occur if propc'r construction is used for pre- 
venting entrainment If there are juice catchers, it is advisable 
to send any juice they trap back to the defecation instead of 
letting it go into the thickened juice 

Control of evaporating apparatus has these objects : (1) Regula- 
tion of the steam-supply according to the thin liquor on hand, (2) 
Preventing the steam-pressure in the first effect and the juice- 
heater from rising above the upper limits prescribed; (3) Keeping 
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the vacuum m the last effect uniforinly at the proper point; (4J 
Seeing that the juice is at the lowest possible level in all effects 
(5) Taking care that the sirup is discharged at a uniform rate and 
density If these details are rigorously seen to, all others will 
take care of themselves 

Since the engine-exhaust is usually inadequate for the evapora- 
tors, it is seldom necessary to regulate the exhaust-valve When 
there is lack of juice, however, this valve must be closed and the 
steam allowed to blow off through an escape-valve It is never 
advisable in such cases to take in water instead of juice and evapo- 
rate it so as to stop the steam blowing off, since this always dam- 
ages the juice. 

The pressure in the steam-chamber of the first effect ought 
never to be higher than what is best for the engines, since excessive 
back-pressure of the exhaust impedes them and lowers their 
economy. The introduction of live steam or of the exhaust from 
the juice-cooker into the mam exhaust system must consequently 
be regulated by the pressure in the steam-chamber of the first 
effect 

The vacuum in the last effect must be kept unifoim, since any 
drop makes a corresponding increase m pressure in the preceding 
effects Especially important is keeping the concentration of sirup 
tmiform, since any inciease in the density of the sirup, e»sp(‘C‘ially 
above 60° Brix (33° Be ), makes a maikcd incicase in the boiling- 
point and viscosity and consequent perceptible increase in the pres- 
sure of the preceding effects 

Raising the boiling-pomt diminishes the true temperature-fall, 
while mcrease in viscosity lowers the heat-transfcronce coefficient, 
which for sirup of 60° Brix (33° Be ) is only about f that of water, 
sinking to about i for sirup of 70° Brix (38° B6 ). The statement 
that the smaller specific heat of the sirup has influence on this 
coefficient is erroneous. A uniform concentration of sirup is also 
most advantageous for working it up in the processes which follow. 
Hence frequent spindle-readings should be made, or, what is better, 
use automatic apparatus for showing the density constantly. A 
specially constructed hydrometer cylinder with overflow-pipe 
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attached to the discharge-pipe of the sirup-pump is simple and 
convenient, as a spindle can be kept floating in the sirup 

Montejus are seldom used for taking away sirup Pumps are 
much more convenient in every way, particularly because the sirup 
can be drawn off continuously and its density kept uniform much 
more easily These pumjis overcome the vacuum of the apparatus 
Ijetter if they are set as low as possible, so that the juicc-head in 
pait balances the effect of the vacuum 

The flow of juice li om one cffc'et to anotln'r sliould be continuous 
and not m gushes. Skillful worknum soon learn to set the valves 
so that they seldom have to be alteied, especially when the juice 
is coming to th(' ovapoiator regularly The licpior-en trance jiijics 
should nevei discharge over th(» heating-tiibos, but always m the 
bottom and thiough a ])erforaled pipe winch lies nuclei the tubes. 
Since the jui(*e goes from an eflc'ct under higher piessuie into one 
at lower pressure, it is siipci heated as it enters the latter and 
immediately gives off a largo amount of steam \\hi(‘h atomizc's the 
juice and, when the opening of the pipe' is al)()\(' the' tub(\s, cause's 
a loss by ('iitiamment If tlu' juice eiitc'rs undc'r the' tiibc^, tJiesc 
stcam-bul)bles winch aio foimed arc veiy useful m impioving its 
circulation 

The juice-gaiigo must be jiropc'rly set if it is to indicate jiropc'ily; 
that IS, the lowei c'ud must hc' connectc'd Ix'low tlu' tulies and tlie 
upper c'nd above thi'iu Juiee-gaugc's which aie entirely above the 
tubes are of no use. Large' sight-glasse's and also illuiuinat.ing-glasse's, 
for ('asily see'ing the interior, should be ])lace(l in all aiiparatus 
If all th(*s(' (liK'ctions aie followed, eve'ry ai)paratus will show 
certain chaiacteaistics which esan be* e'onside're'd iioiinal and (*onstant 
for c'vc'iv c'ffe'ct, piovuling the' ste'am-pie'ssuie's and the vacuum on 
the eonde'nsc'is rc'rnam cionstant, and wlnc'li change in a peifcctly 
regular way if cither the steam or the vacuum eOiaiigos. 

Variations from these regular value's are due to interruptions in 
the running of the apiairatus and arc' always folio wc'd by dimimshc'd 
efficiency. If thc'se irrogulantie^s appear about the end of the week 
or when the vacuum in the last effect remains constant, but the 
pressure of the preceding effects goes up, it is a sign of scale--deposit 
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on the tubes. Directions as to duration of boiling out and the 
liquors to use for removing scale have already been given. 

Irregularities in the pressure relations of the effects also come 
from incomplete removal of condensation-waters ('^sweet-wators”) 
from the steam-chambers, the area of the heating-surface being 
diminished • In order to detect presence of water in the heating- 
chambers, they should be provided with guage-glasses 

The removal of condensed water from hcating-chambeivs where 
the steam is at more than atmospheric pressure is made by float- 
traps, which should be inspected frequently to make certain that 
they remove the water completely but allow no steam to pass. 
The water condensed in the last effect is either pumped away or 
carried by a pipe into a tank placed low, so that its water-level is 
below that correspondmg to the highest vacuum m the hcating- 
chamber, say 6-7 meters (19-22 ft.) below it Sometimes con- 
densed water from the other effects is led into this tank or well, 
being pumped thence to where it is needed, but this mixture of hot 
and cooler water is not advisable, it is better to keep that which 
is over 100® (212° F ) separate and use it for boilcr-feed, emjiloying 
the cooler for diffusion, sweetenmg off filter-presses, slaking lime, etc 

In some factories attempts have been made to utilize the heat 
of this hot condensed water for evaporation by passing it over 
from one heating-chamber into the next following, so that the 
water under the diminished pressure of this second chamber gives 
off its superheat in the form of steam. Finally all of the water 
comes to the heatmg-chamber of the last effect and is discharged 
at the temperature of this chamber. If this method is used, care 
must be taken to have the tail-pipes specially large in order to 
prevent waterloggmg. Any special advantage in this is not clear, 
as this heat, although utilized in the evaporator, is lost by the 
boilers. 

The pressure-relations will also change if the juice foams badly y 
whatever the cause. Foaming within certain limits is very advan- 
tageous for evaporation at a low juice-level, as has already been 
explamed. If, however, the foaming is too strong, the heating-sur- 
faces are no longer sufficiently wetted. Every dry spot is useless. 
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and consequently bad foaming always raises the pressure! in the 
hcatmg-chamber A fat whose viscosity is as small as possible 
has to bo used to stop this foaming, and as little as practicable, 
since lime soaps and undecomposed fats make trouble both in the 
evaporation and in the siriip-filtration The fat can be introduced 
through the butter-cup in effects boiling below atmospheric pressure; 
in those boiling higher an oil-pump must be used. 

A low vacuum in the last effect and consequent high pressures 
m the preceding effects, a trouble which is frequently experienced 
at the beginning of the campaign, is caused by leaks m the joints 
of the apparatus and vapor-pipes lowering the vacuum on account of 
the air ente/ing the condenser and overloading the air-pump. 
Those leaks which cannot be detected by the noise of the air rushing 
m can be found by running over the joints with a lamp-flame, and 
must be stopped up with cement. 

No good reason has been found for making a change in the 
Simple methods of running evaporating apparatus Proposals for 
altering them have never been popular in actual jiractice, and it is 
useless to detail pro{)ositions which are freiiuently made on paper 
but have never been w^orked out by actual experience. 
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THE CONDENSATION OF THE EVAPORATION-VAPORS. 

Whereas in the double-effect evaporator that was used years 
ago there was a large amount of juice-vapors to be condensed, 
owmg to the slight utilization of these vapois for heating and 
evaporation, to-day, with the more economical arrangement of 
the evaporation-vessels, there is but a relatively small amount of 
vapor which reaches the condensers 

Ever3n\^here that there is a heating or boiling apparatus there 
is a corresponding condensation of steam. Consequently all of the 
heating and boiling apparatus may be regarded as condensers, and 
indeed as surface condensers. However, when the term condenser 
is ordinarily used in connection with the sugar industry, reference 
is made to the injection-condensers, whose sole purpose is to con- 
dense steam or vapor 

In the case of an extensive heating of the juice and its evapora- 
tion in a quadruple effect, there will be from 100 kilograms of 
water, corresponding to about 100 kilograms of beets, only about 
10 kilograms of vapor given off by the last effect to pass over into 
the condenser, although even a part of this vapor may be utilized 
for heating the raw juice and condensed in the preheaters The 
remaining 90 kilograms of water are condensed upon the heating- 
surfaces of the evaporating, heating and boiling apparatus, and 
recovered in the form of pure condenser-water containing a little 
ammonia. 

Besides the vapors from the last-juice effect of the evaporator, 
those from the boiling apparatus must also be condensed Ac- 
cording to the density of the sirup there will be between 10 and 
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15 kilograms of water evaporated from each 100 kilograms of 
beets, or in other words there will be at least as much vapor to 
condense coming from the vacuum-pans as from the last effect of 
the multiple evaporator, but with the difference that there will 
be a practically uniform evolution of vapor from the latter during 
the whole of the twenty-four hours in a day, whereas the amount of 
vapor from the vacuum-pans vanes from time to time very 
considerably. Hence the condensing apparatus for the latter 
should be figured not for the average amount of vapor 
given off, but from the maximum amount evolved at any 
time 

Evciy condensation plant consists of an mjoction-condenser 
and an air-pump 

The air-pumps are cither wet or dry — they cither pump only the 
uncondensed gases from out of the condenser, or they jiump out 
as well the hot water which has effected the condensation The 
ivrt air-pumps possess the disadvantage that scale is almost always 
tleposited in them from the hot watei, and furthei more, when 
they arc used, the advantage gained fiom using a counter-ciiiient 
condenser is to some extent neutralized, because the cooled gases, 
as they come in contact with the hoi water, arc waimed again, 
occupy a greater volume and consequently diminish the efiicioncy 
of the pumps Therefore dnj air-pumps aie to be preferred in the 
sugar-factory, prefeiably with high vertic.al condenseis from which 
the water (hot-well water, as it is called) flows off through a leg- 
pipe or barometrical tube 

Counter-current condensers aie most us(ul, and m th('s<‘ the 
vapors eutei at the bottom, as tlu'y pass uiiwaid tlu'y come in con- 
tact with a cuiient of water flowing in the opposite' direction The 
disadvantage that was forinc'rly found m these' condensers, which 
prevented their adoption anel gave rise to luefcrcnce for the less 
efficient parallel condensers, was that the air-j)umps were drowned by 
their damming up, resulting in irregular working of the system. 
This evil has been overcome by making the condcn>scrs very tall 
and of large diameter, and by adding spray-plates, sufficiently apart 
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from one another, particularly at the lower portions of the con- 
denser where the vapors enter. It has been found advantageous not 
to introduce the vapors at the very bottom of the condenser, but 
high enough above the bottom so that there is space left for the 
vapors to move downward for a little way with the current 
of descendmg water In this way aU dammmg up of the con- 
densers, which is otherwise sometimes met with even in condensers 
of normal size, is prevented The inner arrangement of the con- 
denser may be quite different m the various types In one form 
the water flows along a wmdmg path, in another it falls cataract 
fashion over plates set diagonally against one another, while in 
still another t3q)e the water falls like rain m fine drops. For 
sugar-factory purposes all of these different forms work satis- 
factorily, if by the injection of a sufficient amount of cold water 
the desirable vacuum of about 60 centimeters can be readily 
produced, and, as has been shown in the precedmg chapter, it is of 
no particular advantage to use a pump constructed for a higher 
vacuum. For the vacuum-pans also, it is neither necessary nor 
desirable to have a greater vacuum than 60 cm 

A condenser is actmg satisfactorily when it produces a vacuum 
of about 60 centimeters and the hot-well water flows away with 
a temperature not more than 10 degrees lower than that of the 
vapors commg from the multiple effect, and when the gases passing 
into the pump have been cooled to a temperature which is approxi- 
mately that of the water entermg the condenser. In order to be 
able to control the work of the condensers, it is advisable to put 
thermometers both m the leg-pipe and in the suction-pipe of the 
air-pump. When these thermometers show abnormal temperatures 
immediate information is given of poor workmg of the condensers, 
and particularly as to whether too much or too little water is 
injected into the condenser, or whether the pump is workmg 
properly. 

The length of the leg-pipe should be at least 10 meters (33 ft.) 
from the lower edge of the condenser to the upper level of the 
hot-well. Even if this height is not absolutely essential with 
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ordinary vacimm corresponding to 60 cm of mercury column, it 
IS always advisable to make it as much as this because it is im- 
possible entirely to avoid deviations in the height of the water- 
column in the leg-pipe, and these deviations sometimes amount to 
as much, as one meter (3 ft ) or more The leg-pipe should, further- 
more, be of large diameter, especially when the water contains 
considerable sand and small stones, which would clog up the pipe 
during the campaign if it were too narrow During the campaign 
it IS impossible to clean this pipe without stopping all of the work, 
as it IS very important that the condenser should be in constant 
working order. 

The amount of mjection-water required depends altogether 
upon the temperature of the hot-well as compared with that 
of the hot vapors and of the injection-water Under ordinary 
conditions when the difference between the temperatures of the 
vapors which arc at 62° to 65° C (144°~149° F ) and the hot-well 
is about 10° C.,and the injcction-water is fiom 10° to 15° C (50°- 
60° F), it will bo necessary to inject about 15 kilograms of water 
for one kilogram of vajioi , or reckoned another way, it will require 
about 150 kilos of water for the vapors from the hist concentration 
of the juice, and from 150 to 225 kilos for the vapois from the final 
boiling down of the juice, for every 100 kilos of beets If the 
vacuum be increased, the difference in temperature between the 
vapors and the injected water is lessened and consequently more 
of the lattci must be used 

The amount of injected water used corresponds to the calculated 
amount onl}> when the vapors come off regularly, as is the case with 
vapors from the first concentration of the juice but not with the 
vapors from the vacuum-pans The amount of water required is 
particularly variable when each boiling apparatus is provided with 
its own special condenser and a special air-pump; its control is 
much more difficult, and the plant is expensive. 

It is, therefore, generally customary to make use cither 
of one common condenser or at least a central air-pump. 
It is unquestionably true, with regard to the amount of 
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water consumed and the simplicity of the working, that the 
centralizing of the condenser-plant is the most satisfactory. 
On the other hand, it is claimed that the large vapor-valves 
which must be inserted in the pipes before each single 
apparatus, m order to be able to cut out any one of them 
from the system, are hard to keep tight, and further that the 
boiling down of the sirup to make it crystallize is more difficult where 
the vacuum is kept uniform than when the pan man can legulate the 
vacuum at will by turning the water on or off at each separate 
condenser. This last objection is, however, a weak one, because it 
IS only a matter of practice for the pan man to be able to conduct 
the boilmg down equally good at a constant vacuum. In fact it is 
really simpler to boil at umform vacuum When it is desired to 
bod a particularly uniform product, say coarse granulated sugar, 
it IS perhaps easier for most sugar-boilers to make the necessary 
changes in the vacuum with the separate condensers than by 
regulating the vapor-valve. These latter valves are manufactuied 
so well at the present time, and they are made so tight by means 
of vulcanized fibre, that the other reasons against the use of a 
centralized condenser system are no longer tenable. Gate-valves 
have also proved satisfactory As a rule, the vapor-pipcs, and in 
consequence the valves, of vacuum-pans arc made too large 
This not only increases the expense, but also the difficulty in keep- 
ing the valves tight 

When a central pump works different condensers it is necessary 
to insert a valve in the suction-pipe of each separate condenser, 
for cutting it out This arrangement is very convenient in many 
ways, although considerably more water wdl be required than is 
the case with a single condenser, because there is no equalization 
in the rates at which the vapors come from the different concen- 
trators as when a smgle condenser is used. It is ncccssaiy to give 
more attention to separate condensers, particularly if economy in 
the use of the water is desired. 

In factories where there is no scarcity of fresh water the hot- 
well water serves partly as pressure-water in the diffusers, but is 
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chiefly used for washing beets and in the hydraulic carrier. 
Where there is scarcity of water, the hot well-water is cooled by 
running it over steps or into cooling and spraying appliances, so 
that it reaches a temperature, dependent partly upon the out- 
door temperature and the amount of wind, low enough so that it 
can bo used over again in the factory and also for condensing 
purposes 



CHAPTER XIV. 


CARBONATATION AND FILTRATION OF THE CONCENTRATED 
JUICE OR SIRUP. 

Sirup from the evaporators has a yellow or brown color, and is 
turbid from a fine precipitate which separates out during evapora- 
tion. Its aU<:a1iTiity, as has already been stated, depends on the 
alkalimty of the thin liquors and the composition of the juice. 
The decrease m allcalinity during evaporation will be in proportion 
to the amount of ammonia, amido or albuminous substances, invert, 
sugar, and lime salts held in the thin liquor If such decrease did 
not take place, a sirup of 60® Bnx (33® B6 ) should have fi\u times 
the alkalinity of a thm liquor of 12® Bnx (6 8® Be ), while as a iiilo 
the alkalinity of sirup is only from three to four times greatci , so that 
the balance either is distilled as ammonia oi neutralized by the 
alkalies combmmg in reactions with the decomposition-products 
of the nitrogenous substances, invert-sugar, and hme salts 

Moreover, the color of sirup is darker than corresponds to the 
concentration. If sirup is diluted with water to the original 
concentration of the thin liquor, it will be darker than thm liquor. 

The normal alkalinity of the uncarbonatated sirup is from 
0.07 to 0.15 per cent. Since a sirup as strongly alkaline as this 
is not suitable to work up in the vacuum-pan, it is carbona- 
tated either with carbomc or sulphurous acid or with both at the 
same time. In many factories the alkalinity is lowered nearly to a 
neutral reaction, while others consider that an alkalinity of 0.03- 
0 04 is proper Here also it is better to fix the alkalinity according 
to the behavior of the sirup in the later stages of the process. If the 
alkalinity decreases much in the vacuum-pan, the alkalinity of 
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the sirup should be kept high enough so that the massccuite as well 
as the ^ first sugars and molasses (“green sirup will show a distinct 
red color with phenolphthalein If, on the contrary, the sirup 
contains much free alkali and no lime salts, it can be carbonatated 
almost to neutrality, since any decrease in alkalinity in such cases 
IS little to bo feared. The objection attributed to high alkalinity 
that it makes the sirup work up harder in the vacuum-pan and 
that it increases the ash in the sugar is unwarranted. The only 
thing that makes the pan work harder is when the alkalinity is 
due to caustic lime, which means that sucrates will be present -This 
cannot be with an alkalinity of 0 03~0 05, as this is almost invaria- 
bly from combinations of carbonic acid with the alkaline earths, 
ammonia, or organic bases Moreover, high ash-content is not a 
result of alkalinity Under the most favorable conditions, when 
earbonatation with carbonic or sulphurous acid is thorough, the 
carbonates and ‘sulphites would react with any caustic lime and 
be precipitated in considerable quantity as lime carbonate or 
sulphite There would be at most, therefore, 0 03--0 05 pait of lime 
in 100 parts of siiup, which corresponds to 1 5-2 0 parts total ash, 
scarcely perceptible m the sugar Since the reactions of carbonic 
and sulphuious acids with lime salts are nc\cr complete, especially 
if filtration immediately follows carbonatation, a small amount of 
lime will alw^ays be precipitated l)y further carbonatation, and 
conscciuently, taking into consideration the influence this has on 
the sugar-yield, it is hardly wise to make a carbonatation as far 
as the neutral point However, this is of little conseciuencc in its 
bearing on the ash-content of the sirup in comparison with the 
much moie important point of keeping the proper tempciature 
during carbonatation, and above all things a good filtration 

The sirup which is pumped out of the evaporator is only at the 
temperature corresponding to the boiling-pomt of the last effect, 
that IS 70® C (15S® F). Before carbonatation it should be 
brought almost to boiling, which is best done by using special 
exhaust-steam heater^. Dircct-steam injectors are of no use here, 
as they would dilute the sirup too much. 

The carbonatation of the sirup is best done continuously in 
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one tank, pumping the sirup through it and at the same time 
introducing the carbonic or sulphurous acid according to the 
alkalinity required, the sirup running to the filters at the same 
rate that it is pumped in. In such cases it is advisable to add 
kieselguhr (fossil meal) about 1 kilogram per cubic meter of juice 
(8 34 lbs. per 1000 gals ) The carbonatation tank should have a 
stirrer to mix in the kieselguhr evenly. Kieselguhr can always 
be added to advantage to the thickened juice of the first runnings 
at the beginning of the campaign and at the start of each wcek^s 
work, as the juice at such times is full of dirt and rust from the 
apparatus, likewise when much oil has to be used in the evaporators 
owing to foaming 

Ordinarily lime is not added to the sirup, it being quite super- 
fluous if the thin liquor and corresponding uncarbonatated siiup is 
sufficiently alkaline Such sirups, having an alkalinity of 0 07-0 15 
in carbonatating at the boiling temperature, give sufficient griuiular 
precipitate to enclose the scummy material so that usually they 
filter very well. If, however, the sirup is very slightly alkaline, 
owing to carbonatating too far, there is little or no precipitate and 
it filters badly. 

Sometimes addition of a little milk of lime helps, but it seems 
that sirup coming from the evaporator, which already has a high 
alkalinity, always filters better If lime is added to the sirup, it 
will affect it some time later if the temperature is high, and con- 
tinuous carbonatation is not applicable in such cases or it must bo 
done differently. 

In the clarifying and later working up of sirup it is of no conse- 
quence whether carbonic or sulphurous acid is used in carbonata- 
tion. Carbonatation with sulphurous acid has the advantage that 
it gives lighter sirups and sugars, and owing to the small quantity 
of sulphites retained they keep better Indeed, if sulphurous acid 
is to be used for treating beet-juices, it should be applied only to 
sirups, and here its use is strongly to be recommended. 

The same apparatus serves for sirup-filtration as for thin liquors, 
but in general a somewhat higher pressure is preferable for sirups, 
for which filter-presses of special design, with wooden chambers 
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and the sand filters previously described, are used. The sirup 
running from the filters in the beginning always comes cloudy, 
and is returned to the thm-liquor carbonatation-tanks till it runs 
clear enough for the sirup-tanks The scums which collect on the 
cloths cannot be sweetened off, so presses with sweetening-off 
passages are as little in use as m thin-liquor filtration Since, 
however, these scums arc rich in sugar, it has been recommended 
to return them to the carbonatation-tanks When the filter-cloths 
are removed they likewise arc full of sugary sirup It is doubtful 
whether it is advisable to soak these cloths to recover this sugar, 
as the sirup, from remaining an unavoulably long time, is always 
much deteriorated As a rule the sugai-loss in scums and cloths 
is so small that it is not woi th taking into consideration 

III most cas(*s snuiis filtei faiily widl, but there will be those 
which filter ]>adly il at all, especially those heavici than G0° Brix 
(33° Be ) In such cases it is advisable to carbonatate and filter 
the so-called intermediate sirup ('^mittelsaft”), that is the sirup 
as it comes out of tin' effect of the' evapoiator preceding the last 
This siiup, which is about 30° \hi\ (17° He), is ])umped to the 
caibonatation-lank and tieafed thiae in the manner jirescriliod for 
sirup and diawn into th(' last, (‘ffect, whine it is concentrated to the 
usual density This will again cloud up a little, l)ut tin* Imlk of 
the scum is now lilteicd out of it and veiy (dhcicntly, so that a 
S(‘cond sirup-filtuiiion can be dispenseil with The filtiation of 
the int(‘rm(‘diate siiup is (^specially aiKisable when the sirup 
deposits much scale in thi' multiple' effect, since the scale is formed 
jinncipally fiom this scum, which ])iecipitat(‘S out from the thin 
liquor while concentrating, and sticks to the lubes 

Somet-inies this intei mediate simp is clarified in a closed filter 
(using gravel or bone-bla(;k oi by a closed filter-press) so introduced 
between the last effect and the one next to the last that the sirup 
must pass through it Leaving out of consideration that this 
arrangement is quite inconvenient and that the pressure-difference 
IS often msuflicicnt for filtering, obviously carbonatation is wanting 
before filtering However, in many factories the juice is carbona- 
tated in the evaporator itself, by passing sulphurous acid into the 
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juice while boiling inside, but this kind of carbonatation is by no 
mpg-pa easy to control and is not therefore to be recommondecl. 

There are no sure methods of determining whether a sirup has 
the right composition to work up easily. A juice or sirup of high 
purity will surely work up well, but with beets of jioor qualitv 
where the sirup only has a purity of 90 or under, neither cheni- 
ical analysis nor color has any criterion on this point,. Often 
there is a belief that the amount of lime present, that is the content 
of litnft salts, is a measure of how the juice will work up, but tlu* 
truth is, everything depends on the nature of these lime saUs. 
Sometimes an excessive quantity of these salts is to a certain 
extent a sign tlrnt juice of bad beets must bo impnived lus much 
as possible by energetic treatment with lime. Color Ls no guide 
to the quality of a sirup 

It certainly would be quite wrong to conclude lhat a lighi- 
colored sirup, especially one which had been bleaclu'd with all 
sorts of chemicals and made weakly acid with Huli)liurou.s aciii, 
was better than a darker sirup, and that better produids could lx* 
made from the former. 

If the thin liquor has been properly treated according to thi’ 
directions given, the best possible simii under the circumstances 
will be obtained, but it is suicly not practicable to get a gooil claiifi- 
cation of sirup if the thin liquor has been carelessly tieatisl, as 
mistakes made m the thin-liquor treatment cannot be remislied 
later in the sirup. 
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SUGAR-BOILING. 

After the sirup has been filtered, it is evaporated to grain in a 
vacuum-pan. This apparatus should serve both for evaporation 
of the sirup and for crystallization of the sugar, and consequently 
both of these requirements must be satisfied, but the chief essential 
is that there should be a proper crystallization of the sugar. In 
general, this vacuum apparatus is similar in shape and arrangement 
to that previously described, except that certain changes are made 
necessary in order to concentrate liquids which, thick and viscous 
at the start, become at the last a pasty mass Usually vacuum- 
pans are vertical with conical bottoms The heating-surfaces are 
coils placed one over the other or intertwined, heating-tubes of Lyra 
type arranged horizontally. Sometimes short and wide tubes 
or vertical tubes arc built into heating-chambers arranged for 
introduction of steam and carrying off condensed water The 
horizontal vacuum-pans always are of a trunk shape, arranged 
like evaporating-pans, and have a single bottom suitably inclined 
towards the discharge-gate All heating-surfaces are placed as 
low as possible, so that they are covered with sirup from the 
beginning. 

Iron is the metal very frequently used for making these heatmg- 
tubes, it having the advantage over brass and copper that it is 
less attacked by ammonia-vapors, while the disadvantage that 
it is a poorer conductor of heat of is loss consequence here because 
the amount of heat to be transmitted to the juice is of itself very 
inconsiderable. In the vacuum-pan, ammonia-vapors act more 
injuriously upon the heating-tubes than in the evaporating-pans. 
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because with, the former, toward the end of the operation, there is 
less movement of hot vapors, and henee those auimoma-vapors 
move slower and may collect m certain places 

The discharge-gate of vacuum-pans is usually a coik' When 
massecuites are boiled down with consideralile sirup, so that a 
relatively thin liquor remains, the discharge-o]xuu]ig is (Jos^nl with 
a valve. The double bottom, which was formerly (luite universally 
used, IS now usually dispensed with, although it does accomplisli a 
certain desirable effect, because with such an arrangenunit biihhh's 
of steam are formed down in the lower layers, and this is la\ ouibh^ 
to the movement of the massociutc and facilitates the Ixnling 
and crystallization As a method of heating, howoven*, the double^ 
bottom is not very cIHcient, the heating coefhcient being v(‘iy low 
The equipment of vacuum-pans must otlu^rwise be such that 
the pan man can easily control his boiling and ri‘a(lily (leU‘ct 
anything wrong and remed}^ the evil The sample or jiroof-stick 
should be correctly placed, where tlici e is sufricient moveiiKMit of tli(' 
massecuite to insure taking a proof which shall i('pi('S(Mit th(‘ 
average content There should bo an abundanix^ of siglil-glasso.^ 
in the sides, so arranged that the mteiior of th(' pi\n viu\ be i(‘n(lil\ 
seen The thermometer and its stem must p(»m‘trat(» sulliei(‘ntly 
deep A mercury gauge should be provided to show th(‘ amount 
of vacuum The charging valves must be Iarg(‘ and convc'iiK'ritly 
arranged The charging pipe, whothcu’ inside oi oiitsidi*, must 
lead to the bottom of the apparatus and (‘ml in a suitahh' 
distributing arrangement For heating, steam of high oi low 
tension, as required, must be used and th(‘ conesponding con- 
nections to the main valves should lie easily made The sugar- 
boiler must be able to read the steam-pressure both as it leav(‘H 
and enters the heating system by a gauge. Of course the heat- 
ing system must be equipped with pipes for conducting away 
condensation-water, and suitably arranginl for leading of! 
ammonia-vapors Special valves should be provided for draw- 
ing in cold or hot water. It is very practical to introduce a 
perforated coil, or a similar distributing arrangement, in order 
to be able to introduce live steam directly into the massecuite 
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and set it in motion After the strike is down this steam may be 
carried through special pipes and used for evaporating 

The size of vacuum-pans is very variable A large apparatus 
naturally demands less attention than several small pans having 
the same capacity On the other hand, taking into consideration 
the woik of the factory as a whole, and in particular that of the 
evaporation apparatus, as already mentioned, it is less advanta- 
geous to have but one large vacuum-pan, for when this is started 
it requiics more steam from the evaporators than the latter can 
give As the process proceeds, less sirup will be dra^vm m and less 
steam will be required, so that finally none at all is used, as the 
sirup gets thick Consequently it is necessary that eveiy factor}’* 
should have at least two boilmg-pans of suitable size, in order to 
take care of the sirup systematically and make the use of steam 
uniform 

With rcgaul to the size of the heating-surface in vacuum-pans 
there is no definite rule to gi\e, it is not pos'sible to calculate it as 
in the case of the multiple effect, since the condition^ affecting 
the tramfercnce of heat arc so \aiied duiing the boiling proce^^, 
and at different times c[Uite diffeient amounts of vatcr aie to 
be c\apoiated In this apparatus e\apoiation is only a mcan^ 
to the chief end, namely, the crystallization of the sugai >uice 
heating-surface in excess cannot do any haim if placed at the bot- 
tom of the appaiatusand under no conditions doeb it influence the 
circulation of the massecuite, it is veil to make this large It is 
then always possible, and particularly at the start, to conduct the 
evaporation quickly and make use of low-pre&suie steam for 
evaporating The amount of heat con\eyed to the boiling mass, 
or in other words the evaporation, in this case does not depend 
upon the size of the heating-surfaces, but upon the amount and 
tension of the steam admitted into the heating-space Since with 
large heating-surfaces only a part of this steam is really active, 
it is advisable, when possible, to construct the heatmg system 
with several compartments each of which is provided with inde- 
pendent pipes for mtroduction of steam and conducting away 
TOndensation-water, these compartments being heated as they are 
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needed. In all cases it should be possible to rep;ulato the evapora- 
tion by means of the valves, so that the proper conditions for favor- 
able crystallization of the sugar shall prevail. Vacuum-pans with 
a capacity of 20,000 to 50,000 kilograms (20 to 50 long tons), which 
IS the common size now chosen, have a hoatiiig-Hurfa(K) of from 
80 to 150 square meters (860-1600 sq ft,). 

The question as to best construction of the boiling apparatus 
and of heating-surfaces is one that is hard to answer. A skillful 
sugar-boiler will be able to produce good sugar in any apparatus 
in which the heating-surfaccs are active and do not hinder the 
circulation. The fact that a sugar-boiler gets bad results in a new 
apparatus, while he has been doing well with an old one to which 
he has become accustomed, is not conclusive pioof that the new 
vacuum-pan is bad Boiling m gram is an art which is usually 
learned entirely experimentally and must bo loaincd anew for a 
differently constructed apparatus and for every masscuitc of dif- 
ferent consistency. 

- The art of boilmg to grain consists in forming the ncct^ssary 
number of crystals in the thickened sirup and then m further 
boiling, allowing only these particular crystals to grow witliout 
forming a percei^tible amount of new ones 'llu^ opc’raLor accom- 
plishes this by hazarding a conclusion as to the concimtiation of 
the sirup by the outward appearance of the sainpli* whicli he 
takes from the apparatus It would be quite useless to iitieiupt 
to describe here just how the boiler arrives at Uk* jiropiu' (‘oii- 
clusion. It IS only possible to acepure this skill by ])ra(*tical ex- 
perience, and every individual has his own peimluir m(‘tho(l. 

The important point with regard to the art of siigar-boihng m 
gram and which serves for the judgment of the correctnevss or 
inaccuracy of individual methods is a knowledge of the actual 
processes which are taking place during the operation. 

For crystals to form in a sugar-solution and for those crystals 
to grow, it is necessary that the solution become supersaturated.^^ 
V solution containing sugar is “saturated” if, wIkui kept at a 
uniform temperature, it can neither dissolve any more sugar nor 
form sugar-crystals. The higher the temperature of the solution/ 
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the more sugar can be dissolved by each part of water present 
If the solution is evaporated to a smaller volume while at the 
temperature at which it is saturated, the sugar does not imme- 
diately crystallize out, but for the time being it remains dissolved 
and the solution is then said to be “ supersaturated.” The purer 
the saturated sugar-solution and the greater the number of crys- 
tals thcic arc in it which have already started to form, the more 
rapid is the separation of the excess of sugar over the amount 
required to saturate the solution and the more rapid is the growth 
of the deposited crystals Impure sugar-solutions require con- 
siderable more time for the deposition of crystals, they must be 
much iiioie strongly supersaturated before they will deposit 
crystals oi allow them to glow, and this is propoitional to the 
amount of non-sugars that those solutions contain 

If we designate by S the amount of sugar dissolved in one part 
of watci at a definite temperature when the solution is saturated, 
and by Si that amount which at the same tcinpoiatuio is dissolved 
m the same amount of water in a supeisatuiated solution, then the 


ratio C = 




is called the supersaturation-coefficient. 


It repicsents 


how many times as much sugar there is dissolved in the super- 
saturated solution as in a saturati'd solution at the same temperature. 
This coelficient of supersaturation is of fundamental importance in 
the Cl y stall ization of the sugai, whether the latter be brought about 
by means of evaporation oi by the working up of the massecuite 
While all oth(»r conditions which affect the crystallization of the 
sugar, such as the viscosity, change with the temperature, this super- 
saturation-coefhcient is independent of the temperature It makes 
no difference, theuiforo, whether the boihng-down or other process 
used to effect the crystallization is earned out at a high or a low 
temperature, the most favorable coefhcicnt of supersaturation for 
the formation of new ciystals and the growth of those already 
formed is always the same (within the practical limits of temperature- 
changes) for sirups and juices of equal purity, although it varies 
with the purity, as has already been stated Furthermore, the 
coefficient of supersaturation must be greater for the formation of 
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the grain and smaller, on the other hand, when tlu' eryst-allixation 
is favored by the presence of crystals in lh(‘ s<dui,ion. 

For a well-regulated cnystallizatiou it is important that the 
supersatiiration and the ieiuperataire which dott^riumes it should 
be the same at all points of th(' crvstalli/iing mass, d'he super- 
saturation changes during boiling at lirst take place at, I Ik* luxating- 
surfaces, on account of evaporation, so tliat at th(‘S(' phuu's slrongt'r 
supersaturated solutions arc readily fornuMl which art' hkelv to 
give rise to the formation of small crystals. On tlu* olht*! liand, 
at the places where the fresh sirup enters, tlu' supt'rsaturation is 
lilcely to be entirely ehmmated witli tht' solution of tlu‘ (Tv^tids 
already formed, unless the sirup is immt'diati'ly di.sst'uimated 
throughout the entire mass and mixt'd with tht' su|M*isaturat('il 
sirup which surrounds the crystals Otmst'tpit'utlv tlit* grt'utt'st 
stress must be laid upon the imptirtance ol kt't'jmig a most 
thorough circulation of the mass m the vacuuni-jKin 'Tlu' ct»n- 
struction of the apparatus anti the heaiing-ctnls shtmld nt)l o(ft‘r 
any especial hindrance to such ciu^iilation , no mt'tlititl of (*t>n- 
struction, however, can bring about cm rents m tht* juict', but 
mechanical forces are required for this which art' dt'vt'ltipt'tl dining 
the boiling by the ascending bublilt'S of wntt'i -vapor As a 

matter of fact the evolution of these liubhlt'S of stt'iim is llu' 
slightest at that stage where it is most desiralilt' (hat t.lu*rt' slioultl 
be a circulation of the mass, namely, at the (‘iid of tlu* boiling 
Arrangements by means of which at any time a legular mol.ion cun 
be imparted to the mass have proved vory advaiii.ag('ous Stiri mg- 
apparatus, screws, etc , have been found very satisfa(‘tory m (liis 
respect for the boiling-apparatus used for afier-produi'ts. In llu' 
case of sirup-boilmg such arrangemc'nis hav<' not bi'i'ii usc'd (o 
any extent, largely because the available spaci' is t,o<) biniLt'd, 
particularly in the older forms of apparatus; in t.lu' ni'wi'r types 
stirring-arrangements arc frccpiently found TTu' motion brought 
about by mtroduction of direct steam is vc'ry satisfactory, 'rho 
bubbles of steam rising from the lower port, ions of the compart- 
ments stir the mass in all places and particularly at the heating-, 
surfaces, which they can spread over much more satisfactorily than 
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could any stirring-apparatus, so that all local supersaturation or 
overheating is avoided Conso(iuently it is easy to avoid the 
formation of a fine gram, especially when the massccuite is kept 
in motion in this way by bubbles of steam 

In ordei to distnbul-o the entering sirup throughout the mass 
as (juickly as possible, it is int.ioducod at the bottom and in line 
streams so that it will rapidly mix with the mother-sirup, since it 
rises at once on arc’ount of its lighter specific giavity This mixing 
IS accelerated considerably if the siiup as it enters is very hot, with 
a tomporaturc higher than that of the boiling mass As the sirup 
enters the vacuum-pan, a considerable quantity of steam-bubbles 
is suddenly geneiated, thus accomplishing a rapid mixture with 
the remaining contents of the apparatus. The siiup should not be 
allowed to entci at a leinpiuatuic lower than the boilmg-point in 
the vacuum-] )an, for it will then mi\ hut slowly, while the massccuite 
will be cooled with the jirobahility of forming a fine gtain. 

For the formation of grain in the \ acuum-pan, therefore, it is 
necessary that the sini]) should lie siipeisatuiated As soon as 
the supersatuiation has icachcd a certain degree, crystals ])egin to 
separate It has been found advantageous to start the formation 
with the shock brought about by asuddtm intu)du(*tion of the sirup 
The greater the su])or.saturation of the juice and the greater the 
motion, the quicken* and i icher will be tlu' crystal foimaiion Uiulcr 
otherwise similai conditions it is lU'cessary, tlu'refoie, to thicken 
the sirup less and to draw in less in iiroportion as it is desired to 
foim less gram However, the extent of the suj)ei*saturation may 
bo (piito dilfeient for the inoduction of e<]ual-sized gram, because m 
the case of (3ontmuous motion, whicli is bi ought about, for instance, 
by frequent o])oning of the sii up-valve, it is ]) 0 ssiblc to form many 
crystals m very slightly sujx'rsaturated solutions, and conversely 
by infrcciucnt introduction of the juice it is possible to form but 
little grain in strongly suiiersaUiratcd solutions The number 1 2 
may be regarded as the lowest practical value for the supersaturation- 
coefficient for the formation of grain in sirups of from 90 to 92 
purity; at a loss supcrsaturation it takes too long before sufficient 
gram is produced, and there is always danger that the crystals 
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already formed will be redissolved by the introduction of fresh 
juice The highest degree of supersaturation is with a coefficient 
of 1 5 to 1 6, for when more supersaturated too many crystals will 
be obtained by a smgle draught of the juice 

When, in one way or another, sufficient grain has been formed, 
further boiling is conducted in such a way that only these crystals 
grow and no others. As long as the crystals remain small and in 
consequence possess relatively small surfaces for the deposition of 
the crystallizing sugar, it is necessary to keep the surrounding 
sirup, the mother-liquor, but slightly supersaturated, for, as this 
sirup has still approximately the purity of the original thick juice 
it retams the property of forming new crystals at a siipersaturation 
of 1 2 by the motion brought about by the entrance of the sirup. 
Durmg this stage of the boiling, therefore, the extent of the super- 
saturation should not exceed a coefficient of 12, it is safer not to 
even reach this limit 

The boiling from this point on can be conducted in two ways, 
either with an unmterrupted or with an intermittent charging of 
juice. In the former case the juice-valve is so set that exactly 
the right quantity of thick juice will be introdu(‘c(l in onh*!- to Iv(‘ei) 
the mother-sirup permanently at the iiroscnbed umfoun supei- 
saturation The coefficient of supcrsaturation 1 1 is to Ix' recom- 
mended, but at aU events it should not be greatly exceeded at the 
start In the case of periodic introduction of the jui(‘<», the valve 
is opened when the coefficient of supersaturation has risen to 
approximately 1 2 and enough juice is drawn in to nearly (‘ompensate 
the supersaturation, bringing the coefficient down to nearly 1 C). 
On no account should the mother-sirup be diluted to a point below 
the saturation-pomt, as otherwise the crystals already formed will 
be redissolved. As a general rule for both methods of feeding it 
may be said that in the case of slow boiling the upper limit of 
supersaturation must be kept lower than with rapid boiling. 

Only m case too many crystals have been formed in the grain, 
or when later on fine crystals have been produced through a faulty 
conduct of the operation, should enough sirup be introduced 
to make the mother-sirup undersaturated so that the excess of 
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crystals will redissolve Frequently such a dilution is brought 
about not by using sirup, particularly when it is very thick and 
concentrated, but by the injection of hot water, and this is some- 
times necessary, chiefly towards the end of the boiling, in order to 
make a clean massccuite. 

During the progress of the boiling the sugar-crystals are con- 
stantly growing and the purity of the mother-sirup becomes less. It 
is therefore not only permissible but even legardcd as advantageous 
to bring the supersaturation-cocfficient to 1 2 and even higher, until 
at the last drawing of the juice it reaches the value of about 1.3 

The art of boiling now consists only in being able to find out 
the proper cocflicient of supersaturation and to maintain it in the 
mass by the external tokens, such as the string-proof and the viscos- 
ity of the massecuitc,an(l by noting the tcmperatuie and the trans- 
parency of the crystals siuioundcd by sirup Most operators boil 
with inteimittcnt feeding of sirup, because this method is safer 
when the vacuum and steam-pressure aie variable, as is usually the 
case When, on the other hand, these conditions aie constant and 
the juice that is being fed in is of umfoim density, it is simplei to 
inject this juice unmteiiuptedly 

The sUaini must be so n'gulated that the cvapoiation does 
not tak(‘ jilacc too lapidly, and that aftei each mtioduction 
of th(^ sirup lh(‘ sugai actually has tunc to deposit upon the 
crystals presiuit while the puiity of the niothei-liquor sinks 
regularly '’rhe duration of the boiling can be shortened only at 
the expense of the yield, or by subseciuent working up of the 
masseeuite in crystallizers or coolers and so doing what was omitted 
previously 'Ilu' rule should hold that boiling in grain shouhl be 
conducted as slowly as po>ssible, oi at rill events one boiling should 
require not less than six or eight hours for its completion, and those 
vacuum-pans which make it possililo to boil in less time should not 
be regarded as superior, because it is not possible to replace the 
favorable action of time by any peculiar method of construction. 
In order to offset the temptation of boiling too rapidly, which 
occurs when using apparatus with largo heating-surfaces, it is advis- 
able to heat such forms of vacuum apparatus with steam of as low 
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pressure as possible, this being also economical both with regard 
to steam-consumption and sugar-loss. 

The size of the vacuum-pan exerts no influence upon the quality 
of the boiling. It is possible to get just as good crystallization in a 
small apparatus as in a large one if both are properly constructed 
The chief point is not to begin the formation of the grain with the 
apparatus too full. The pan should not be filled to more than 
from one-quarter to one-third of its total capacity, so that the 
crj'stals have time to grow durmg the further boiling 

A properly boiled massecuite, containing no excess of molasses- 
sirup, should yield a mother-hquor of from 80 to 82 purity If 
the duration of the boilmg is contmued for a very long time, it is 
possible to dimmish to a considerable extent this purity, particularly 
if the apparatus be provided with a suitable stirrmg-arrangement 
It appears questionable, however, whether it is desirable to produce 
such an extent of sugar-crystallization in a vacuum without the 
further introduction of sirup, and it is doubtful whether the further 
working up of the massecuite may not be more advantageously 
conducted m special crj^stallizers 

After the last introduction of the sirup the finishing of the masse- 
cuite begins The manner m which tins should be carried out de- 
pends upon the way the later processes are to be conducted If the 
massecuite ls to be discharged into large or small tanks, according 
to what is now regarded as the old-fashioned method,* it is boiled 
down until very hard and close, with a water-content of only about 
5 per cent , or less This carries the supersaturation of the mother- 
sirup so far at the end that even in the boiling-pan, or at all events 
as soon as it is discharged, a large number of small, new crystals 
are formed which, as the massecuite cools m the tanks, cause all 
the sugar that crj’stallizes out to deposit upon them or upon the 
larger crj-stals Only a small part of these crystals which are 
formed at the last are of sufiicient size to be retained m the centrif- 
ugal machines; the greater part are so small that they pass through 
the strainer with the sirup The reason why it is desirable to 
form these crj^stals m the vacuum-pans is not so much to in- 
crease the yield as to obtain a satisfactory workmg of the cen- 
* “ Cold purging ” method. 
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trifugals If the masseciiito were emptied out in a softer con- 
dition, there would be a formation of a mass of tiny crystals in 
the tank so groat in number that they would scarcely permit any 
further growth The mother-sirup would consequently be com- 
pletely filled with a fine meal which would make t.he centrifugal 
work difficult if not impossible This fine crystal meal deposits 
upon the large crystals or upon the strainer in the centrifugal, 
forming a film which is imponetrablo to the sirup When the massc- 
cuite IS boiled stiff, there are fewer of these small erystals formed, 
and they are then huge enough so that they do not form a film., 
but m so far as they are not retained between larger crystals 
are readily thrown off by the centrifugals 

For the ordinary direct mixing method* the masseeuite 
must also be boiled down stiff for similar reasons Consequently 
this method does not increase thc^ sugar-yield, but frequently 
it IS found to have exactly the opposite effeet The advantage 
gamed by this method of work lies m the saving of labor and its 
cleanliness 

An appreciable increase in the yield can be brought about only 
by the new mothotl of woiking uji the masseeuite m a ystalhzcrs 
in which the cooling and concentration of the mother-sirup are 
carefully rcgulat.ed In this case it is extnunely important that 
the masseeuite should not lie boiled in siudi a way that new crystals 
will be formed in addition to the large oik^s that arc already present. 
Conse([Uontly, even at the end of the boiling, the supersatiiration- 
coeflicient should not exceed 1 3 Sim^e the mother-sirup, after the 
last injection of the siru]), aln'ady has approximately this coef- 
ficient, it would be usedess to carry the boiling further if i ('source 
could not be had to some oilier mcams After tlie last addition of 
the juice a little of the hot molasses, the jiuiging of a previous 
boiling or from the cry stall izei’s, is injected into the jiaii Thereby 
the mother-sirup becomes diluted, and, if nc'cessary, even to such 
an extent that any fine crystals which may have hoen formed 
rcdissolve and the boiling can then be continued slowly. When 
the supersaturation-cootficient of the mother-sirup has again risen 
to 1.3, in every case more sirup is added and this boiling with sirup 
* “ Hot purging method 
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continued for from one to two hours. The longer sueh boiling is 
continued, the more sugar will bo deposited upon the crystals 
Smee the movement of the mass is at this point very slight, owing 
to the slow evaporation, any arrangenu'tit for moving Iho mass is 
very useful, particularly when this i.s accomplished by the intro- 
duction of steam. 

The sugar which crystallizes out upon the crystals already 
present during the boiling with sirup does not oi‘iginut<' in the 
purgings added, but comes sol(‘ly from nu)thc*r-.sirui), and 
was in it before the beginning of the boiling, tlu^ purity lu'ing 
SO or over The sirup which is a<ld(*d invarial)ly has a lower 
degree of punt}", and at the conclusion of tli(‘ work in tlui crys- 
stallizers it is again thrown off with th(‘ same puiity at whi(‘h 
it entered the boilmg-pan. In the ^acuuln-pa^ il is used as a 
diluent to the massceiutc, thereby lengtlK'niiig th(‘ boiling opera- 
tion, it also makes the massccuite woik l)<‘tt.er, bol li in tlu^ vaciuini- 
pan and in the crystallizer, by incr(‘asiiig tlu» amount of the 
mother-sirup. 

The difficulty of educating good sugar-bo iku's and e\(‘rting a 
control over them has caused the const met ion of a spc'cial form 
of control apparatus, with the aid of whicli the boiling can b(‘ carruHl 
out with greater certainty than by judging from not veuy trust- 
worthy outer indications. This control apparatus d('j)(‘nds iijion 
the prmciple that the boilmg-point of a sugar solution or simp 
stands m an entirely definite relation to the con (*(‘n (.ration llie 
boihng-pomt of a sirup is higher in i)ro])ortiou to tlu' amount of 
non-sugars that it contains and mvers<»ly jiroportional to the 
amount of water. For sirups of equal purity tlui rise in boiling- 
point with decrease in the amount of wat(*r iinvsent is, how(*vor. 
always the same, so that it is possible to prc'pai’o tables ajijilifsable 
to all cases for the juices and sirups. ''I'lie boiling-point is not 
influenced by the fact that crystals are prc'sent m it, hence the 
boilmg-point of a massccuite is always the same m that of the 
mother-hquor which surrounds the crystals. Again, the depth of 
liquid, which is considerable toward the last of the boiling, does not, 
as far as the thermometer will show, influence the boiling-point 
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appreciably if care is taken that the mass is kept sufficiently m 
motion. 

If, by means of a thermometer, the boilmg-point of the sirup 
in a vacuum-pan (the mother-sirup) be determined and the vacuum 
also read by means of a vacuum-gauge, it is possible, with the help 
of the tables given in the supplement to this book, to determine 
the boiling-point of water at the vacuum given. Then by sub- 
tracting this from the reading of the thermometer it is easy to 
determine the rise in boiling-point which has been brought about 
by the sirup. From the above data, with the aid of the boilmg- 
point tables, it is a simple matter to calculate the amount of water 
present in the sirup in question 

Owing to the construction of the vacuum-pan, the immediate 
practical utilization of the result is attendant with more or less 
difficulty The determination of the amount of water present (or 
the amount in degrees Brix in the case of an incomplete apparatus) 
IS of itself of but very little assistance in the factory Separate 
tables should show the amount of water that the sirup must 
have for every particular sirup, and for the supersaturation at the 
particular point of the boiling, and when these arc graduated 
on a suitable scale, the boiling can bo carried out without 
difficulty It is much more simple to have the control appa- 
ratus show directly upon the scale the temperature that the masse- 
cuitc should have at every stage of the process This latter con 
struction, which permits the results to be read off with the 
greatest readiness, is especially suited for the boiling down of the 
first massecuitc 

With the aid of such an apparatus any trustworthy workman 
can learn in a short time how to conduct the boiling and make uni- 
formly good sugar. This control is also particularly useful for the 
superintendent or manager of the plant. When the ordinary 
method is being used any one who docs not remain constantly at 
the boilmg-pan or who has not served a thorough apprenticeship 
can tell very little, if anything, with regard to whether at any given 
time the boiler is conducting the operation properly, consequently in 
many factories the sugar-boiler is an exceedingly independent official. 
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An end to tins certainly not very desirable state of affairs is 
brought about by the introduction of the control apparatus 

Destruction of sugar during boiling seems piactically out of the 
question, or at least under the ordmary conditions Smce, on 
account of the previous^ mentioned grounds, the object is to impart 
a sufficient motion to the massecuite in the boilmg apparatus and 
at the heatmg-surfaces (and as a matter of fact this can be accom- 
plished m almost every case), a high temperature will not prevail 
throughout the most of the mass even when the heatmg is m 
the old-fashioned way with direct steam In the case of very 
tall apparatus theie may be a loss in sugar of fiom 1-2 per cent 
when such aie not provided with mechanical stirrers, and in 
the case of stiff massecuites it is possible that the latter may be 
overheated a few degrees on the heating-surfaces But even m 
such unfavorable places, wluch as a matter of fact are only met 
with m poorly constiucted pans, there can be no very gieat over- 
heatmg above 85° to 90° (1S5°-194° F ), under the vacuum of 
55 to 65 cm C21J to 254 in ) which ordmarily prevails, except m 
those cases where the massecuite is burned or scorched at one place 
At such temperatures it is impossible tliat there should be a percep- 
tible decomposition of sugar in an alkaline massecuite Even when 
we assume that poi tions of the massecuite have temporarily a higher 
temperatuie when m contact with the heatmg-surfaces, this tempera- 
ture can never be as high as the steam used for heatmg, and the latter 
has a maximum temperature of from 1 15° to 120° C (239° to 248° F ), 
at w'hich it IS impossible to decompose perceptible amounts of 
sugar Statements to the contrary wluch have sometimes been 
recorded can be true only under extraordmary conditions, or the 
experiments were made with maccurate methods of observation, 
so that they are lackmg m proof It must be remembered, further- 
more, that at the verj^ time when the possibility of scorchmg is the 
greatest, on account of the motion of the mass bemg the slightest, 
three-quarters of the sugar lias cystallized out and wiH t hen 
not suffer at the prevailing temperature If a perceptible amount 
of sugar is decomposed dunng the operation, the alkalmity of the 
sirup must mcrease considerably, for there will be 0.4 of a part of 
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potash and 0 25 of a part of lime set free for each part of sugar 
decomposed Such an increase in alkalinity is, however, never 
met with, and the only possible indication of any decomposition is 
in a slight decomposition of the non-sugars and a slight amount 
of ammonia evolved If, however, the simp boiled is neutral or 
acid, it IS possible, by a long-continued boiling and by high tem- 
peratures of the masses and heating vapor, to decompose consider- 
able amounts of sugar 

During a normal boiling there arc no mechanical losses of 
sugar Small, fine drops are never formed from the viscous mass 
to be earned off mechanically with the vapor, as the bubbles 
of steam arise and break on the surface of the boiling mass large 
pieces of the latter arc loosened and thrown up, but they immediately 
sink back on account of their weight When the sirup is thinner 
it IS indeed possible for tiny drops to form, but then theie is 
greater empty space above the liquid, and as the latter becomes 
more viscous this need not be so large dhoic should always be 
one 01 two yards of empty space abo^e the maximum filling 
In exceptional cases it is possible that theie may be comideiable 
foaming. This is caused sometimes by the natuio of the juice, or 
in the case of a normal juice it may lie ])i ought about liy suddenly 
increasing the \acuum, when, foi example, the condomei'^ aie not 
working right (owing to lack of watei) oi the \acuum is increased 
at the air-pump The masseciute is then at a tempeiatiue higher 
than corresponds to the boiling-pomt of the gi eater \acuum, and 
the excess of heat is suddenly gi\ on up In the formation of a large 
number of bubbles of steam In such cases great care is necessary 
to prevent some of the massecuite from getting into the vapor-pipes 
and being earned to the condensers Diminishing the vacuum by 
allowing considerable air to enter by closing the vapor-valve and 
then slowly opening it, and the introduction of a little grease until 
boiling becomes uniform again, are the means employed to prevent 
foaming. 

Sugar-losses may be caused by leaky coils or heating-tubes, and 
this source of trouble is more serious here than m the multiple-effect 
evaporators, because in such cases some of the massecuite may 
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enter the heating-spacc or get into the condensed water with each 
filling of the apparatus. On this account it is desirable to tost 
the condensed water frequently to see if any sugar is contained in 
it, and particularly when the apparatus is first put into use. 

Larger leaks at the heating-surfaces make themselves evident 
by the fact that some of the condensed water enters the apparatus 
duringtheboiling, whereby the formation of the grain and in fact 
the whole process is very much lengthened 

One of the worst troubles that can take place during this 
part of the process is the so-called “ heavy boiling/’ which, 
according to the degree, may be made manifest by a lengthen- 
ing of the process or even an entire cessation of the boiling. 
This is met with in working up juices of low purity made from 
unripe or decayed beets. The real causes have never been entirely 
satisfactorily explained. Some claim that the difficulty in boiling 
is due to the presence of lime salts, which are always present to 
some extent, while others believe it to be due to the presence of 
organic constituents which are present in large quantities (^omparetl 
to the amount of ash, and in particular those substance's which 
result from the pectic substances present in the beets Both 
of these views agree in so far as there are always large amounts 
of lime salts present when there is an increase in the organic 
matter owing to the poor quality of the beets. 

The increase in the amount of lime salts present docs not, 
however, of itself cause the difficult boiling. Such lime salts 
as are formed, for example, by the decomposition of the invert- 
sugar and nitrogenous matter by caustic lime, do not exert an 
injurious effect upon the boiling; these lime salts in fact arc not 
molasses-forming to the extent that the organic potassium salts 
are It is accordingly clear that all hine salts of themselves cannot 
be looked upon as the cause of the difficult boiling, and any conclu- 
sion with regard to the amount of lime present and the effect upon 
the boiling is likely to be misleading. 

Difficult boiling is, therefore, caused by an excess of lime 
salts or by certain non-saccharine organic matter. These in- 
jurious, organic non-sugars are at all events those which were 
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first dissolved during the diffusion process from unripe beets or 
those of bad quality. The amount of these non-sugars increases 
if the work is conducted slowly and at high temperature. Con- 
sequently, to a certain extent this hard boiling may be avoided, 
or at least the difficulty may be lessened, if the diffusion be done 
quicldy. The greatest amount of these non-sugars is dissolved 
naturally in the sweetening off of the battery, and consequently 
the last boiling of the week will show this phenomenon of hard 
boiling to the greatest extent. 

Sirups which arc insufficiently saturated with carbonic-acid gas 
are always boiled down with difficulty, for this reason, also, the juices 
should be carefully saturated. Since lime sucrate is so injurious 
upon the boiling down, it seems reasonable to assume that of the 
different lime salts only those can cause the hard boiling which are 
combined with oiganic acids of high molecular weight, and it is to 
this class of acids which the pectic substances belong 

As a preventive of hard boiling, disregarding the changing of 
the diffusion woik, the aiUhlinn of soda oi acid-sodium sulphab* 
has been recommended m order to effect the tiansformation of the 
lime salts into the coiK'sponding sodium oru^s Even if this 
remedy in some cases docs not prove of much help, yet it is always 
advisable to try it The sodium salts are add()d to tlu' thicdc juiee, 
or, bettor still, to iho thin juice, in oidei to be able to filter off the 
precipitated carbonate or sulphatr^ of lime It is not necc'ssary, 
however, to conveit the ontiK' quantity of lime salts present into 
sodium salts, but it suffices to aild from ono-quaiter to one-half 
of the theoretical amount, for appaicntly the injurious lime salts 
are acted upon first In fact it is not possible to (h'composo 
all the lime salts with any cxeoss of soda 

Another roinody, which in all cases accomplishes good, is the 
artificial movement of the mass in the boihng-apparatus, and 
particularly stirring that is brought about by introduction of 
steam which enters at the bottom of the apparatus through a 
spraying-arrangement. In this way any amount of bubbles of 
steam may bo introduced and driven through the mass, thus giv- 
ing it a uniform motion, so that finally the heat-transference and the 
crystallization take place satisfactorily. 
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When the hard boiling occurs, then, owing to the vis 
the mass and the irregular hcat-transf(nviic(^, thon^ us i 
violent foaming. In this case also, the introdiK^tiori of h 
neutralizes the cause of the foaming and is the best rer 
should be tried in all cases before resorting to the use of grot 

By improper handling of the pan it is possible in some 
apparatus that another difliculty may be met with, and th 
formation of hard lumps in the massecuite. These lumps ar 
chiefly at the bcginnmgof the boiling and in thosi' fonasof a] 
where the heating-surfaces arc not (uitirely eo vert'd with 
this stage. The concentrated juice then sjiattors against tl 
portion of the heating-surfaces (steam-coils), the dropj* 
firmly and sugar crystallizes out, remaining togetlKU’ with t 
adhering to the heating-surface, and particularly wh(*n Lh 
retain steam on account of the valves not liomg perfect! 
The spattered lump adheres so firmly at somi' placi's that i 
be loosened even although it may siibsecpiently ri'st m th 
of the boiling massecuite Naturally the adhei mg mass cii 
dissolved off, as it is constantly suiroiimh'd bv supi'isi 
juices, and if steam is then gradually mtroduci'd into th 
heating-surfaces it bums fast to the sb'am-coil, loi'ining ha' 
fragments of which of considerable size may be found at thi' 
of the coil-hangcrs, or at the flangi‘S This scah* shows a cn 
cleavage By reason of the chang(*s m t''m]x*ra(air(', and 
ularly as the hcatmg-surfacos first warm uj), tli(‘ piecc^s c 
and mix with the massecuite and the sugar, ot whudi t 
laigcr fragments arc purged out. Hard lumps can also 
the lower parts of the pan when the coils aie placed so 
that they prevent movement of the massecuite and allc 
burn on to the steam-coils. 

The fact that the massecuite contains such lumps an 
is recognized at the time, as they have the shape of t 
or tubes inside the apparatus. Those scales that are foj 
the upper part usually show a finely crystalline nature, whi 
lower down, which have been formed between the coils durin 
emng of the massecuite, show a more coarsely crystalline st] 
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This formation of scales is naturally best avoided by using a 
vacuum-pan with properly built heating-surfaces. In those forms 
of apparatus with vertical tubes, which from the very beginning 
are covered with juice, they arc never formed In apparatus 
having coils and similar heating-arrangements they are foimcd to 
a greater or less extent, it is then necessary to take care that they 
do not reach the sugar To prevent this, all deposits upon the 
coils must be dissolved off after removal of the massccuitc at the 
end of each boiling and bcfoie the introduction of a new lot of juice. 
It IS not advisable to attempt to dissolve these deposits by means 
of the sirup itself, foi as a rule the latter is concentrated so rapidly 
that it has little if any solvent action ''riie apparatus should be 
steamed out until it is alisolulely certain that every bit of deposit 
upon the coils lias been i ('moved This is best acciomphshed by 
placing perforated steam-pipcs over those places wh('re tlu' deposits 
are likely to form, m such a way that tlie stc'am will be directed 
towaid them RreqiU'ntly this tn'atuu'iit rt'Milts m some of the 
scales being bioken oiT by expansion, in su(‘li case's it is nchisable 
to separate the sU'aimng waU'r contaming llu'si* sugar lesiihials 
and send it to the sirup, or allow it to um tluough a stramei to 
remove the lumps 

The introduction of diu'ct si-('am duiing boiling acts very 
advantageously in pivvcnting the formation ot tlii'se lumps and 
scales m the lower pail, of th(' appaiatus ev('n then, in case 

the vacuum-pan is of too close coiistiuction with coils oi tulx'S 
packed together, it is ne(?essary to thoioughly stt'am out afti'i ('ach 
boiling, and this is best done liy letting iii steam fiom beneath as 
well as from above and thiough the coils 

In other respects, also, a good steaming out is advanlag(‘()us at 
the completion of each boiling In all cases a little of the masse- 
cuite is certain to remain adhering to the more prominent parts 
of the apparatus and the eiystals are only partially dissolved, if 
at all, in the sirup which is next treated; in case the juice is already 
strongly concentrated, there will be a certain amount of coarser 
crystals in the presence of the newly formed and finer ones, and 
the presence of the former is by no means desirable. By steaming 
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out the pan, all of the massecuite remaining in the apparatus is 
either made to flow out of the pan, or if it remains, it is in a dis- 
solved condition 

It is particularly desirable to arrange to have that part of 
the pan in the vicinity of the sight-glasses well steamed out, for 
these glasses always have a little offset, which makes a hollow on 
the inside that is particularly likely to be filled with massecuite, 
and unless the apparatus is provided with an especial arrangement, 
this IS likely to retain undissolved sugar both from the steaming-out 
process and from the next change of sirup Clean sight-glasses 
are especially necessary for the work, so that it is well to blow a 
fine stream of water-vapor against them after each boiling until 
they are perfectly clean When the holes in the stcam-pipe are 
made so small that the steam escapes in a very fine spray, there 
is no danger of breaking the glass. 

The diluted massecuite which flows from the apparatus during 
the steammg-out process, and which if the process is continued for 
some length of time eventually forms a thin sirup, is in the case of 
tank-work emptied into a separate tank; when crystallizers arc used 
it serves for the dilution of the massecuite, which is usually obtained 
in a too viscous condition It does not seem always necessary to 
collect separately the juice obtained in the stcaming-out process, 
because when the mother-liquor is diluted by it the supcrsaturation- 
coefficient is still as high as is necessary for satisfactory completion of 
the process. 

With regard to variations in the customary methods of con- 
ducting the boihng-in-grain process, there are practically none, if 
we disregard individual tneks of the sugar-boilers which arc usually 
not essentially different and often apply only to the particular 
factory in question. Perhaps it might be mentioned in this con- 
nection that, to obtain extra-large crystals, the practice is to divide 
the fimshed strike of one pan between two pans just before the in- 
troduction of the last portion of sirup, and work up the two 
halves separately, or let half run out of the pan and continue 
the boilmg of the rest till the pan is full.* 

In some factories it is considered best to make but one raw- 
* This IS known as makmg a “cut.” — ^T ranslators. 
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sugar product (firsts or granulated) and the molasses. In such 
cases it is not permissible to mix any sugar that subsequently 
crystallizes out with the first product, as is sometimes done in 
certain countries to the detriment of the quality of the product 
manufactured. It is desirable in these factories always to begin 
the boiling process with sirup and later on, by the addition of 
sirup and long-continued boiling, to carry the work so far that 
in the crystallizers all of the sugar possible is obtamed, with the 
mother-sirup entirely converted into molasses 

The usual method is to conduct a few boilings at the start in the 
customary manner. When enough of the sirup that drains off has 
been collected, the sirup is boiled down to a finely granular masse- 
cuite and in such a way that the pan is approximately half-filled, 
then sirup is introduced and the boding is continued by the method 
which wdl be described later on for the boding of after-product 
sirup to grain. Such a boding should require at least 20 to 24 
hours, while at least 4 days are necessary for the work in the 
crystallizers if an actual molasses is to be obtained The masse- 
cuite obtamed m such a way is as coarsely granulai as a normal 
No. 1 product, and the sugar-yield is equally good, so that in these 
respects it is just as good a product as that obtained from the 
previous boilings. With rogaid to the refining of the pioduct 
however, there is this difference it is not possible to obtain white 
crystals after centrifugation If such a sugar be mixed with the 
product obtained in the usual way, and if, as is the case, the dark- 
colored product is not valued as highly, it appears very doubtful 
as to whether it is advisable to work in this manner It is a ques- 
tion to be determined only hy a caieful calculation in vhich all 
the different factors are tak(m into consideration 

In order to conduct the boiling operation according to this 
last-mentioned plan it is necessary that the sugar-boiler should be 
very skillful and absolutely trustworthy. In order to obtain 
perfectly uniform results it is necessary to make use of a boiling- 
control apparatus provided with the necessary scales 
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WORKING UP THE ^^MASSECUITE 

In emptying the massecuite into coolers or an ordinary mixer, 
a regulated crystallization of the sugar is out of the qiicst.ion The 
only precaution to be taken is to prevent too rapid cooling As 
has already been mentioned, the sugar now crystallizes to some 
extent upon the large crystals already fortned, but also upon 
crystals formed during the boiling, dischaiging, ox cooling, and 
which are so small that only a small portion of th('m can ))(» re- 
covered in their present size The (ihicf object of the ])rocess, 
namely, an increase m sugar-yield, cannot be accom])lislied by 
tank-work or by mixers. At this stage the only aim is to bring 
the mass to such a condition that it is suitable for centrifugal 
purging. 

In the cooler (tank) process, the sugar is expelled from the 
coolers by compressed air in the form of blocks of massecuite 
which are more or less hard and brittle according to the method 
of boiling and the rate of cooling the massecuite. It is broken 
up in the small mixers and mashed with more or less sirup Ac- 
cording to the extent of the cooling that the mass has under- 
gone, hot or cold, thick or thin sirup is used for this purpose 
If a large number of mealy crystals have boon formed so that 
it will be hard to centrifugate the mass, it is necessary to add suf- 
ficient hot sirup to redissolve these fine crystals. There is in 
fact no better criterion for regulating the amount of sirup added 
to the massacuite than the ease of working in the centrifugals. 
Usually the workman is paid “by the piece,'' and it is on this 
account that the general tendency is to add too much, too thin, 
or too hot sirup. 
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In the ordiyiary method of hot purging there cannot be a 
proper regulation of the tcmpcratuio, although this is the chief 
requisite for good crystallization The favorable tempcratuie 
for centrifugation is from 40° to 50° C (104° to 122° F ), and the 
massccuite is brought to this temperature as quickly as possible by 
adding water or dilute siuip until it is sufficiently mobile Woiking 
in mixcis has the advantage over cooling-tanks that it peimits 
cleaner work in the sugar-house On the other hand, the yield 
by the other method is gi eater and the quality of the pioduet 
poorer By either method of woikmg, however, the molasses 
seldom has a purity less than 78 to 80 per cent 

Rational working up of massecuite can only be carried out 
when this has been properly boiled with sirup and when the tem- 
perature and concentiatioUvS have been systematically regulated. 
The sugar-yield fiom the mas>secuite can only be mcieased to a 
certain extent, and this incToase is in propoition to the diminution 
in purity of the sirup winch chains off fiom it 

The woilving up ol the massecuitc’* depends upon the pimciple 
that from every siiup which has not boon too strongly concentrated 
the sugar crystallizes out satisfactoiily only when theic are a 
sufficient number of exciting crystals piescnt, and, furthermore 
upon the fact that a solution of sugar winch is saturated or slightly 
supei saturated at a high tcmi)eiature becomes strongly super- 
saturated upon cooling The aim is, therefore, to conduct the 
cooling in such a way that the supersaturation coefficient ot the 
mother-siiup under no conditions exceeds the limit above winch 
there is a tendency to form new ciystals, while on the other hand 
the cooling should take i)la(‘C lapidly enough so that the coefficient 
remains at least 1 05-1 10, because if the extent of supeisaturation 
IS slight the crystallization takes place altogether too slowly. 
Crystallization takes place to some extent of its own accoid after 
the massecuite has been discharged from the vacuum-pan. because 
the massccuite is filled with more or less strongly supersaturated 
mother-sirup and is only broiiglit about by cooling which increases 
the low supersaturation-coefficient till the original value is prac- 
tically attained. The chief requirement for the whole work is 
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that the entire massecuite should be maintained at a unifoi 
temperature and concentration, or in other words that the ms 
be sufl&ciently agitated. 

The prevailing idea in the use of stirrers and other applianc 
in ‘‘ crystallization in motion ” is that this stirring is a dire 
cause of crystal formatiion. This view is entirely wrong. T 
sugar particles directly in contact with a sugar crystal are t 
only ones which enter m its growth. When this film becom 
exhausted, and hence less concentrated, a diffusion begins t 
tween this and the adjacent sirup film. 

The more favorable the conditions for this diffusion the me 
rapidly crystallization goes on. Since the greatest impedime 
to diffusion is viscosity, any conditions which lessen viscosi 
hasten crystallization The viscosity increases greatly in propc 
tion to the extent of supersaturation and to the drop in tempt 
ature. Hence the use of a moderate supersaturation and prop 
temperature is of the utmost importance for good crystalhzatic 

Stirring has no effect on any of these conditions It dc 
bring about equal temperature conditions and in large degree 
equal density throughout the massecuite. This action is also 
great importance because it hinders the formation of scco] 
gram and keeps the grain already formed equally distribut 
through the massecuite. Therefore, stirring only partially ai 
crystallization, which is entirely dependent on a diffusion actic 

To accomplish this in working up massecuite crystallizers s 
used. They usually consist of horizontally placed, closed, cyli 
drical retainers which are provided with a double mantle or oti 
arrangement for heating or cooling the contents, and a suital 
stirring-arrangement inside, or they themselves revolve upon 
axis. The massecuite is transferred from the boiling-pan to t 
crystallizer by gutters in case the former is above the latt( 
otherwise the massecuite is removed from the vacuum-pan 
compressed air and forced up to the crystallizer, or by means o 
vacuum in the latter is sucked up into it. It is not recommend 
to pump up first product on account of too great cooling in t 
pipes or foaming. 
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There are two methods of using crystallizers fey the first method ^ 
the massecuite is filled with fairly strongly supersaturated 
sirup, so that the supersaturation-coefRcient is about 1 3. Such a 
mass contains from 6 to 7 per cent of water and should not be 
cooled much at first, but it must be kept at the original temperature 
of 75° to 80° C. (167° to 176° F ) for several hours; the reason for 
this IS that the supersaturation is so great that new crystals would 
immediately form if the massecuite were cooled When the 
crystallization has proceeded to the point when the supersaturation 
coefficient is reduced to 1 1 to 1 2, the mass is slowly allowed to 
cool. If at the end of from 18 to 24 hours the temperature has 
been lowered to about 60° C (140° F), enough thin dilute sirup 
must be added to render the mass sufficiently fluid so that it can 
be centrifugated The work in the crystallizer is complete when 
the temperature has been reduced to 55° C (131° F) 

Since there is more danger of making mistakes when the attempt 
is made to work with stiff massecuites, it is usually preferable 
to work with thin ones Of course it is possible to boil such a 
massecuite until it has a supersaturation-cocfficienl of 1 3, and tins 
IS always advisable After discharging the vacuum-pan tlie con- 
densed water from steaming out is allowed to run upon tlie masse- 
cuite m the crystallizer, or a little dilute sirup hs added so that 
the &upcrsaturalion-cocfIi<‘ient of the inothoi-li(]uor sinlvs to about 
1.15 to 1 2 Such a mass contains from <S to per cent of water 
and can be cooled at once and relatively lapully At tlic end 
of 15 to 20 hours it may reach the temperature of from 
to 55° 0 (113° to 131° F) without the foimation of an\ new 
crystals or necessity of further dilution 

Naturally it is not possible to obtain as great sugiu->iel(l iii 
the last-mentioned (’asc as when undiluted and stilT-cookotl masse- 
cuite is worked up In working up these lighter masseciut-es, 
ordinarily the sirup that drains off has a purity of Imt 75 per cent, 
and the purity is less only when the boiling with sirup is long- 
continued, m the case of undiluted massecuites, on the other hand, 
it is possible to reduce the sugar in the sirup to less than 70 per 
cent. To be sure, this requires greater attention, and in case the 
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proper aitcntion is not paid, massecuites arc obiainod which aro 
very hard to centrifugate; this difliculty is then only ovorcoino 
by heating and diluting, and during this i^ro(‘eas so imicjh sugar 
is dissolved out that the yield is greatly lessoned 

A method of working up massecuites which on its face aiijicars 
quite different is, in principle, essentially the same, and that is 
the working up in the so-called Kochmaischen.” Those an' air- 
tight crystallizers into which the mass after being boik'tl down 
in the pans can bo transferred under vacuum very slowly and with 
the proper addition of dilute sirup can be boded furtlic'r and finally 
allowed to cool off This apparatus, therefore, acts at t-lu' begin- 
ning as a vacuum-pan, with very small licating-surfaces, and laic'r 
as a crystallizer 

When such an apparatus is used, the <*i vs1allizatif>n of the 
sugar is brought about at first merely by nu'ans of a slow (evap- 
oration, and only towards the end bv cooling ThteoK'licalh , the 
evaporation should take plaec so that tli(' supeisatuiation coc’lh- 
cient of from 1 2 to 1 3 is always maintained, and if it w cm (‘ possible 
to accomplish this in practice, tlu're is no doubt but that tins 
method would furnish a most rajud crystallization and would l)o 
preferred to the use of crystallizers As a mattei ol fact, howewer, 
there is no way of determining whether the propin siqxu’saturatiou 
prevails. In almost every ease new (uystals au' forni(‘(l which 
must be afterwards rcdissolvcd by thin siriij) and in this way, 
naturally, the whole eontinuity of the proc('ss is disturbcMb Ckmsc'- 
quently it cannot be said that bettc'r results or (piickc'i’ woiking 
are obtained with this form of apparatus. 

No matter which method of working up massecuii(' is used, 
crystallization never takes place as rapidly as in tJu' vacuum-pan, 
because the mother-sirup already has a lower jHirity and tins <'on- 
stantly becomes less It does not seem advantag(‘cuis, in the 
case of normal working, to carry the crystallization of the sugar 
from the mother-sirups too far in the manufaciture of first jiroduet. 
This would require too many vacuum-pans with stirring arrange- 
ments and of crystallizers or '^Kochmaischon ” Usually it is 
considered satisfactory to stop when the sirup that runs off con- 
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tarns 75 per cent of sugar; only a few factories attempt to reduce 
the purity to 70 or 72, while a great many stop when the sirup 
contains more than 75 per cent of sugar For making good raw 
sugar which leaves the centrifugals perfectly white and can be easily 
refined, the purity of the sirup should not be lowered too much. 

Indeed, the purity of the sirup that drains off depends not 
only upon the method of working and upon the duration of the 
crystallization process, but also, not inconsiderably, upon the 
amount and size of the ci^ystals present The finer the crystals 
are, the more exciting faces arc present to hasten the crystallizing 
of the sugar and consetpicntly the more rapid is the crystalliza- 
tion Whereas one kilogram of very coarse granular raw sugar 
presents a total outer surface of crystals amounting to about 3 square 
meters, the same weiglit of fine crystals may have a surface of 
about 7 s(iuare meters If it be desired sim])ly to obtain a speedy 
crystallization of the sugar, without paying any attention to any 
other })articular, the aim should be to foim a large number of 
fine crystals The projiaration of a coais(dv granulai sugar with 
a conospondingly 0 {iual dcsugarizing of the mother-sirup always 
requiies relatively more time, and cousc(iuently more space to be 
taken up by vacuum-pans and crystallizers 
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THE CENTRIFUGAL WORK. 

Ip the masseeuite of the first product has boon propi'rly 
boiled down, the separation of the sirup from the HUf^ar cry.stals 
in the centrifugal machines presents no diffioultios ; this part of the 
work then becomes the simplest operation in the wliole process 

The centrifugals themselves are cither amjmuled or 
In Germany the latter type mused alnuKst exi-lusivc'ly, althougli in 
certain respects the former has advantages Whereas formerly the 
drums of the centnfugals always had a diameter of about XOO milli- 
meters (30 mches) and for one filling in the neighborhood of .SO to 
100 kilos of masseeuite was sufficient (175 lo 220 lbs ), at the prew'ut 
time centrifugals of much greater diameter, with a eapacitv of 
150 to 500 kilos (330 to 1100 lbs ) and arranged for discharging at 
the bottom, are in use In this way a great, deal of labor is sa\ed 
Expenments m the attemjit to make a eoiitmuous centrifugal 
have miscarried 

For the best centnfugal work some attent.ion must be paid to 
the holes of the strainer To pievent the straiiUT fmm lymg flat 
agamst the walls of the drum, thereby making a large jiarl, of the* 
holes or shts inactive, there must be )»Iace<l under each st.ramer 
another wide-meshed sieve, thus giving the necessary mterspai'c* 
between the stramer and the sides of l.lie drum. Tlu* hol(>s or 
shts must be made as fine as poasible, small but not so small that 
they are stopped up by the crystals. The sui1.al)le sizt' must ho 
determmed by experiment in each sejiarate rac<.ory. 'J'liere (lo(>s 
not seem to be any special advantage in having th&so holes or 
shts of eomcal shape, and this is also true with regard to many 
other of the so-called improvements; the chief requisite is the 
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shape and size of the holes on the inside. Smooth strainers made 
of sheet metal are usually preferred to those made of cloth 

The introduction of the massecuite into the centrifugals, when 
the mixers or crystallizers are above them, is effected by means 
of spouts or wagoms, if the mixers are at the same level or lower, 
the massecuite is first carried from the crystallizer, which is made 
air-tight, eitlier by moans of compressed air, or by peculiarly con- 
structed pumps, into an intermediate mixer at a higher level, 
whence it runs by gutters or spouts to tlio centrifugals below. 

The wagons have the advantage tliat the massecuite is cooled 
but little and that each centrifugal can bo filled with an accurately 
inoaMircd amount of massecuite, although the work is not so clean 
as 1^ the ease when spouts are used, each of which is provided with a 
discharge-gate above the centrifugal Even stiff massecuites will 
flow sufficiently well in such spouts, although it is very practical 
to place a shaft with short stirnng-aims in such a way that the' 
mass IS slowly and steadily stiried, thus preventing a deposition 
of sugar crystals upon the bottom It is also very advisable to 
provide the mi\er with a stcam-ja(‘ket, although it is rarely neces- 
sary to heat the massecuite m the mixcis during the normal jirocess 
of manufacture of “ firsts,” but it is sometimes desirable in the 
case of massecuites which do not work well in the machines, when 
it IS necessary to keep them in the gutters for some time If the 
centrifugals are filled when not in motion, as is usually the case 
with “firsts,” it is feasible to use an indicator on the inner cone 
of the machine to determine when the centrifugal has been jiioperly 
charged The operator is usually able to judge the ])roper amount 
very accurately with his eye, even when the centrifugal is in 
motion, as is fiequently the case in working up seconds ” When 
the massecuites are easily centrifugated the sirup is removed from 
the crystals before the machine has attained the normal number 
of revolutions per second Naturally, crystals lying directly 
against the strainer retain less sirup than those in the interior, but 
this difference is very slight, and during discharging of the cen- 
trifugals and the transportation of the sugar-product the latter 
usually becomes uniformly mixed. 
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When the centrifugal work becomes difficult it is necessary to 
drive the machines for a considerable length of time at their maxi- 
mum velocity In such cases some portions of tlio contents are 
even then found to be badly purged It is extremely Iiard to icrnody 
this while the massecuite is in the centrifugal, or at any event 
without incurring considerable sugar-losses, and it is far better 
to aim at preventing, rather than remedying, the trouble The 
difficulty IS usually caused by the presence of a fine crystal meal, 
which IS formed in more or less quantity by a crystallization process 
improperly conducted. 

There are, to be sure, certain other causes of difficult or very 
slow centrifugal work, such as foamy stiinng and the massecuite 
cooling and graining out too much 

The massecuite can be stirred until it becones filled with foaw, 
both in the crystallizers and in the mixers, if the arms or wings 
of the stirrer project in such a way that air is stiucd into tin* 
sugar mass To prevent this the stirring arrangcunent should be 
entirely covered with the sugar Wlien eirq^itying a crystallizer 
the stirring-arms will, however, rea(*}i out into the air, but it 
is not advisable to stop the stirring, liecanse m that (‘ase crystals 
will settle out on the bottom, and it will then lie impossible to 
start stirring again, it is, therefore, hettei to stir very slowly 
at this point, so that an appreciable amount of foam wqll not h(' 
formed If the stiiicr then makes oiu'-half to one, or at most 
one and one-half revolutions per minute, it is suflicient to main- 
tain a uniform temperature throughout the mass It, is (\asy to 
understand without explanation why the foamy masses an' difFicult 
to centrifugate pioperly, liecaiisc the lighter and foamy miu]) 
deposits upon the crystals, forming a tough film whicli cannot bo 
forced through the sugar by means of the cc'ntrifugal for< 5 o 

It is also advisable to avoid cooling the maHm'uitv too far. 
The point of effective cooling must lie iegulat(‘<l first of all, 
according to the extent of supersaturation, which in good work 
is always small, it is dependent chiefly, however, on the amount 
that the mother-sirup is dcsugaiized, £.e., its purlt 3 ^ The less 
this is, the higher the purgmg temperature will have to be, since 
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the viscosity of a sirup of low purity increases much faster as the 
temperature drops than in a sirup of higher purity having an 
equal supcrsaturation. 

Massecuitcs having a sirup of high purity can be cooled to 
40-45° (104-113° F ), but those having a much desugarized sirup 
will purge better at 50-00° (122-140° F ). Cooling while on the 
way from crystallizers to centrifugals is always bad, and should 
be provided against by suitable contrivances. 

However, it is only in the case of excessively cooled massecuites 
that the viscosity is the cause of the bad working or prolong- 
ing the time lequired in centrifugation In the case of warm 
massecuites it plays no part at all, except when a finely crystalhne 
meal is jiresent This crystal meal separates out upon the larger 
crystals as in the case of the foamy sirup through the action 
of centnlugal force When the (‘cntiiliigals act badly theie 
usually icsts upon the stunner a layci of sugar which has been 
more oi less satisfactoiily diained of its siiup, then follows a 
tough layer of tiny ciyslals cemented togetlier, and, finallv, there 
IS moie 01 loss of the siiup which has been unable to ])eiictiate 
this layer 

If siicli masseemte lias lieen made bv jmpro])er boiling theie is 
nothing else to do but dissolve the meal in the ciystalli/eis or 
mixers by the addition of veiy hot oi veiy dilute siiu]) If this is 
done veiy caiefully tlieie is little danger oi dissohing out any gi eat 
amount of sugar from the largei crvstals In woiking wuth civstul- 
hzers it IS, fuithermoie, always possible to legain the greater amount 
of the dissolved sugar by a propcily conducted cooling pioccss 

The suitability of the masseemte for centrifugation depends on 
the amount of this crystalline meal and its fineness. A little 
of this meal or fine crystals is present in every case, as can be 
easily proven by the microscope. If it be found that the inasse- 
emte IS unsuitable for centrifugal work after it has been intro- 
duced into the machines there is nothing to do but introduce 
steam dunng the purging which redissolves the finer crystals and 
heats the sirup It is preferable to introduce steam between the 
drum and the mantle rather than from inside the drum, because 
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in the latter case the steam acts more slowly and uniformly, so 
that much sugar is not dissolved off from the large crystals. It 
is certain that the sugar-losses brought about by such a treat- 
ment in the centrifugals are greater and the yield smallor than 
when the meal is removed by treatment in crystallizers or 
mixera. 



CHAPTER XVIII. 


RAW SUGAR AND ITS PREPARATION. 

Raw sugar is obtained simply by the centrifugation of the 
masseciiite In the case of “firsts the centrifugals are filled 
while not in motion, and as much massecuite is ])laccd in them 
as then construction and stiongth Will permit working satisfac- 
torily The greater the cpiantity of the massecuito introduced 
the moic raw sugar will 1x3 ol)taincd from each centrifugal, 
because a \eiy consi<leral)le i)art of the time is sjient in filling 
and discharging, ami this time is ])ractically the same irrespec- 
tive of the evtent of fillmg In the manufactuie of raw sugar, 
therefore, centrifugals of large diameter and capacity arc suitable, 
and, if these are piovi(le<l with an undordiscl large, the amount of 
labor can bo greatly lessened 

Raw sugar, as it comes from the centrifugals, consists of pure 
or almost pure sugar-crystals and a simp whoso composition is 
identical with the puigings Evidently this sirup is the same 
as that which sunounded the crystals oi the massecuite, and hence 
at the finishing temperature of the pan was still more or less 
supersaturated. This suporsaturation increases also as the sugar 
cools m storage and still more by its drying in the carriers and the 
sieves 

It would seem logical that crystallization out of this sirup 
would continue while the sugar was in storage, as the conditions 
are excellent for a rapid and extensive crystal formation from the 
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supersaturated sirup, there being present a great excess of crystal 
nuclei, 6-12 times the weight of the sirup. The average thick- 
ness of the sirup film on the crystals is only 0.01-0.02 mm. (.0004- 
.0008 inch), a very mmute layer, which would naturally lead one 
to assume that an after crystallization always occurred. 

As a matter of fact, this crystal increase never is found. Sirup 
washed from raw sugar crystals by reliable methods is unchanged 
and shows exactly the same purity as the purgings, namely, 70-80, 
whfie its supersaturation coefficient has risen at the room tem- 
perature from 1.5 to 1.8. 

There is no explanation for this remarkable phenomenon other 
than that the great viscosity of the sirup, increased by the super- 
saturation induced by the rapid cooling, prevents crystallization 
in spite of the presence of so many crystal nuclei. 

A proper yield of raw sugar can be obtained from any good 
massecuite, as the only difference between one and another lies 
in the proportion of crystals to sirup. 

The question as to the advantage of preparing raw sugar of a 
greater or less purity depends upon the prices whi(di cun Ix^ ob- 
tained for each grade. When the increase of tlni i)ricc for oiu* 
degree of greater purity is more than one p('r cent of th(> bottom 
price a calculation will always be in favor of producing tlu; Ix'ttc'i- 
sugar. At the same time it must be remembered that in tin; 
preparation of the better-quality sugar more centrifugals aixs 
required and more final sirup is obtained; in other words, it must 
be considered whether the factory is adapted to the production 
of the product desired. 

The quality of the sugar, or, in other words, the readiness with 
which it can be converted into salable products, depends not only 
upon the percentage of sucrose which it contains but also upon 
its outward characteristics, and in particular upon having the 
crystals sharp, brilliant, and of uniform size and whiteness, and 
the adhering sirup not too viscid and free as possible from tiny 
crj^tals of sugar. For the preparation of certain grades of sugar 
quite large crystals are required. It would seem desirable that 
all of these requirements should be considered in estimating the 
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value of a given raw product, but up to the present time no method 
has been discovered which will give results that are satisfactory 
to the trade. Paying for the sugar according to the percentage 
of ash by no means meets the actual requirements, for the yield 
in refined sugar depends not only upon the ash but also upon the 
organic non-sugars, and chiefly, in fact, upon the nature of the 
sugar itself. All propositions, however, in the nature of offering 
a more just valuation of the raw product have miscarried, on account 
of the unreliability of the methods of examination or the uncer- 
tainty of results obtained by analysis, so that the relatively more 
accurate determination of the ash has been deemed most satis*^ 
factory by the trade and has not been given up. 

Good raw sugar which is suitable for the preparation of the 
grades in daily use will always be obtained if the juices are good, 
well boiled, and the working up of the masseciiitc is carried out 
with care, as shown by its passing well through the centrifugal 
machines at normal temperature. A raw sugar which is (*(‘n- 
trifugated with difficulty is always hard to refine', especially when 
boiled by taking in large <]uantitics of reworked siru]) and wheau 
mother-sirup is highly d(‘sugarized. 

The color of raw sugar is not always a reliable indicadon 
of its value; although in general a lighter sugar will be pnderred, 
yet it ought to he detenuined whether this is tlu' natiira.1 color, 
or whether it has been produced artifudally hy means of d(‘(‘()l()ri:;^- 
ing agents. Furthermore, the color of the sirup which (anises t he 
color of the raw sugar is of loss irnportaii(‘e than tlu' color of the 
crystals themselves, and not infre(|uc!itly it will \)c found that 
crystals which are (coated with dark-(*olor(*d sirup arc' nailly lighter 
than those coated with a light-colored siruj). If tlu^ <‘rystals are 
not pure white they are better whem of a pale yellow than a grayish 
tone, for in refining the yellow (‘olor is naadily romovc'd by the 
charcoal or covered up by bluing, so that the finished sugar is of a 
better shade than when the raw sugar is gray. The cause of the 
gray coloration is a slight iron-content of the juices which results 
from an unsatisfactory carbonatation. Iron salts pass into solu- 
tion or remain dissolved when the second carbonatation is some- 
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what incomplete so, that some calcium sucrate remains in solution, 
or when the carbonatation is carried too far. Juices which when 
thick or thin were saturated to an acid reaction will always con- 
tain iron, and sugar prepared from them frequently offers serious 
difficulties to the preparation of a pure white refined product. 
Hence gray sugars are always acid to phenolphthalein. Carbonic- 
acid gas containing hydrogen-sulphide gas is also said to cause the 
formation of a gray sugar, but, if so, this is duo to the presence 
of a small amount of iron sulphide remaining dissolved in the 
juices. 

It is also a requisite of good raw sugar that it does not undergo 
change in storage. This is the case when the sugar shows an 
alkaline reaction with phenolphthalein, when it is free from the 
germs that cause sugar to invert, and also free from easily de- 
composable organic non-sugars. Alkaline massecuites are always 
obtained from well-defecated and alkaline juices, and coiisecpiently 
yield a sugar which keeps well if the sirup is sufficiently siip(>i-- 
saturated and remains supersaturated while kept in dr}’ and cool 
places; for, in such cases, bacteria cannot very well get into the 
sirup or still less can they develop in it. When, h()\ve\’er, a 
raw sugar is stored, which contains so much moisture that, the 
sirup in it is barely supersaturated or if tlie sirup Ix-eonies 
more dilute during the storage because of absorI)jng wat(*r from 
a damp atmosphere, there is always danger of both t iu' alkalinity 
and polarization becoming less. Juices whicli liavc; lax-n tn'ated 
with sulphurous acid, other things being equal, yield more stable 
sugars than those which have not been, for, in the former, a 
small amount of sulphurous acid is retained whicdi acds as an 
antiseptic. 

The form and sharpness of the crystals depends not alone upon 
the amount but upon the nature of the non-sugare. Juices which 
have been well treated with lime always give better and harder 
crystals than those which have been merely superficially defecated 
With equal purity of juices the sugar obtained from fresh beets 
at the beginntng of the campaign always has a better grain than 
that obtained towards the end of the season from stored beets. 
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Certain lime salts appear to have a particular action upon the crys- 
tallization, and especially those which collect in the juices when 
a molasses desugarizing process is used. The sugar obtained from 
such juices, and in particular the after-product, is likely to exhibit 
crystals of a pointed or needle shape. 

The raw sugar, as it is discharged from the centrifugal machines, 
is warm and by no means homogeneous; it is first cooled off, 
sifted, and mixed before it is ready to be stored. 

The transportation of the sugar horizontally or on a slight 
incline is best accomplished by means of properly constructed 
drag conveyors, for in this way the crystals are not injured as they 
may be by screw conveyors. Such carriers are almost universally 
employed under or at the centrifugals; they carry the sugar 
to the bucket elevators and the latter in turn bring it to the 
sieves. 

For sifting sugar, drum- or shaking-sieves are employed. Al- 
most any sort of a sieve may be used for a centrifugated sugar 
which is dry and is of high purity, while, on the other hand, the 
moist 88® product is so sticky that it presents more or less 
difficulty. For the latter sugars shaking- or drum-sieves are 
most suitable and are made of circular, bent wires, whose inter- 
spaces are kept oj)cn by means of brushes or prongs. Inasmuch 
as the stickiness of the sugar increases with cooling the sieves 
are arranged to keep the mass from rai)id cooling by drafts of 
air. The size of the interspaces between the separate wires dei)cnds 
entirely upon the nature of the sugar which is to be siftc^d, but at 
aU events it is not advisable to make them so close together 
that tiny scales and lumps cannot pass through. 

, It is necessary, therefore, to prevent as much as possible the 
formation of any of these lumps in the sugar. Besides the scales 
which are formed in the vacuum-pan, the prevention of which 
has been described already, it is possible to form lumps, which 
will not permit of centrifugation, both in the open mixers and in 
the arrangements for the transportation of the massecuite. Lumps 
result from the drying of moist sugar or massecuite on the upper 
surface; these subsequently fall off in smaller or larger pieces. 
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The crystals in these lumps, unlike those produced in the boiling ap- 
paratus, are not fused together, so they can be separated from one 
another by mashing for a long time with hot sirup, and are then 
suitable for centrifugation. 

Tlie sugar which has been centrifugaled well from carefully 
boiled massecuite, which has subsequently been worked up well 
in closed crystallizers, scarcely requires any sifting. Inasmuch, 
however, as the sifting also serves to thoroughly mix the sugar 
it should never be omitted. 

The sifted sugar is either placed in bags or stored loose. Usually 
the product has cooled sufficiently, in its passage through carriers 
and sieves, unless the massecuite is centrifugated very hot, so 
that it is ready to be stored. Under no circumstances should 
sugar be stored in a warm condition, and particularly not in 
heaps, for in such cases it may heat up still further; when this 
takes place dark sugar is found at those parts which are hottest 
and the alkalinity is greatly diminished, while in some cases it 
contains invert-sugar. This phenomenon is an oxidation and is 
brought about by the presence of certain organic non-sugars. 
When sugar on leaving the sieves is still warm it must be allowed 
to cool in small heaps and afterwards placed in bags or stored 
loose. 

When the sugar is bagged the weight of the stored sugar is 
accurately determined; in the case of sugar stored loose the 
barrows in which it is transported are counted and weighed. 
Usually this process is not done with sufficient supervision, so that 
as a result the weight of the sugar that is stored rarely agrees 
with the weight which is finally sent away. The determination 
of the amount of sugar from the size of the heaps never gives 
accurate results, for the amount of space occupied by a given 
weight of sugar depends upon the size of the grain and the nature 
of the raw sugar, while, finally, the height of the different heaps 
varies greatly. 

In order to save labor the storage-room is placed high up and 
the sugar is carried up in wheelbarrows on elevators, or by means 
of bucket conveyors. When the sugar is stored loose it is simply 
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dumped out from the barrows on the floor, or it falls from suita- 
bly arranged shoots; when it is bagged it is also easier to fill them 
from above. 

Too great pressure upon the walls should be avoided in every 
case. If the sugar is heaped up high the walls must be very 
strong and well supported. When the sugar is in bags these should 
not be placed against the walls, and the bags should be laid alter- 
nately lengthwise and then crosswise, -so that the pile is stable, 
and there is no danger of the bags sliding when they are being 
shipped. 

Sugar stored in bags always keeps better than in heaps. 
Generally, the keeping quality of sugar depends on how free the 
sirup is from infection by molds. All conditions which favor 
this infection and the growth of molds act to injure the keeping 
qualities of the sugar. It is exceptional to find molds in sugars 
alkaline to phenolphthalein which is characteristic of those of 
proper and intelligent manufacture. The alkalinity alone is 
not, however, a protection against destructive changes in sugar. 
Cool and equable temperature, as little moisture as possible in 
the sugar, and a high concentraliou of the s.rup adhering to 
the crystals are all hostile to the growth of molds. 

The storeroom should be cool and dry. As far as possil^le 
warm places, or those into which the hot and moist air from th(‘ 
factory penetrates, should not be chosen for storing sugar. In thc^ 
former case the sugar dries and besides losing in weight it'bcconu's 
less suitable for refining, because the sirup in the crystals is then 
more viscid. In moist places, on the other hand, the sugar attracts 
moisture and easily becomes so moist that the sirup runs off from 
the crystals, the micro-organisms develop in it and cause the 
inversion of some of the sugar. The sirup may later run through 
the sacks or from sirup-stripes in the heaps. When the storage- 
place is cool and dry there is never any separation of sirup from 
the crystals if the sugar has been properly purged, even when 
it is only of 88° quality, for the sirup adhering to the crystals 
at the low temperature is so viscous on account of its supersatura- 
tion that it adheres as a film on the crystals. 



CHAPTER XIX. 

THE PREPARATION OF SUGAR CRYSTALS. 


Many factories, instead of stopping with the preparation of the 
raw sugar, manufacture a product which can be directly utilized, 
and they accomplish this by removing all the sirup from the 
crystals. In this way a crystallized sugar (granulated) is ob- 
tained, or powdered sugar, or sugar loaves (Pilde) but these 
products are not to be regarded in any respect as refined sugar, 
although perfectly suitable for many purposes. Refining is brought 
about by a dissolving and purifying process. 

The preparation of sugar crystals from the massccuite is ac- 
complished in the first place exactly as in the case of raw sugar, 
but as much of the sirup is removed as possible by centrifugation; 
to accomplish this the massecuite is not allowed to cool very much. 
The sirup that is not removed in this way is washed out by means 
of water, steam, or saturated sugar-solution, and in such a way 
that as little sugar is dissolved as possible. In order to improve 
the color a little ultramarine is added in the vacuum-pan and 
also to the wash-liquids. The ultramarine used should be of a 
good quality and carefully prepared, otherwise the sugar will be 
of a bad color. 

Only good juices can be used to advantage for the manufacture 
of this grade of sugar. When the ordinary sirups are not pure 
enough they are often improved in quality by the introduction 
of a little of the after-product sugar. Naturally more weight is 
laid upon the production of a uniform grain and a careful working 
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up of the massecuite than when simply a raw sugar is to be made; 
it is not possible to prepare good sugar-crystals in this way from 
a massecuite which does not act well in the centrifugal machines. 

For the manufacture of the sugar-crystals centrifugals of 
large diameter are suitable, although it is advisable to fill them to a 
less extent than in the former case, so that the layer of sugar rest- 
ing against the strainer is less thick and can be washed more 
uniformly. 

When saturated pure sugar-solutions are used as clearing sirups 
for removing sirup from the crystals while they are in the centrif- 
ugals none of the latter will dissolve, and all of the crystallized 
sugar will be converted into the desired product. But since a 
part of the product must be used in the preparation of the wash- 
liquid, or clarifier, and when once used it becomes so contam- 
inated with sirup that it cannot be used over again for clearing, it is 
evident that the actual yield of sugar is considerably diminished. 

In the beet-sugar factories pure sugar-solutions are seldom used 
as clarifiers, but usually the crystals are treated with water or 
steam, and frequently both arc used together. In this case, also, 
it is necessary to use the water or steam in such a way that as 
little as possible of the sugar is dissolved out during tlie ju'oeess. 
The water is introduced in as finely divided a condition as ])ossible 
by means of a rose, or, still better, it is sprayed in by coinpnssscd 
air. The condensed water is removed from the stoain l)cfore in- 
troducing it into the drum, or it is superheated, and the uj)])er 
opening of the centrifugal is closed by a cover, so that th(‘r(' is 
no condensation by the steam coming in contact with the outside 
air. In all cases the water or steam will, despite all jirecaut ions, 
dissolve away a little of the sugar from the crystals, or else it will 
not remove all of the sirup. After or during the washing of the 
crystals with water, steam is often introduced, and in this case 
it is well to make use of the so-called Russian steam-mantle j in 
which case the steam is introduced between the* mantle and the 
drum. The chief action of the steam is then to warm up the con- 
tents of the drum, and without the condensation of any considerable 
amount of water upon the sugar. The Russian steam-mantle is, 
as already mentioned, also used to advantage in the preparation 
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of raw sugar or the after-products, because it prevents the sirup 
from becoming too viscous in consequence of too great a cooling. 
The steam should not be directed against the drum, because 
in such cases those parts of the drum which the steam or water 
strikes against suffer in the course of time. Consequently the 
steam is directed against a sheet of metal which serves to turn 
the direction of the vapor to one side and distributes it uniformly 
throughout the apparatus. 

Frequently, before washing the crystals with water or steam, 
they are covered with the so-called covering-sirup, the latter being 
made up of the liquid thrown off by the centrifugals in the last 
washing of the previous lot of crystals, or of sirup which has been 
evaporated to the saturation point. By means of these liquids 
first of all the green sirup is displaced; the lighter sirup or 
thick juice then adheres to the crystals, and either of these latter 
can be removed with materially less steam or water. When this 
method of preliminary covering is used .the process becomes 
somewhat more involved, and it is a matter for calculation to deter- 
mine whether the increased sugar-yield compensates for the extra 
trouble. The advantages to be gained, even when these preliminary 
covers are particularly clear and pure, are at all events not very 
great. Since some sugar will be dissolved from the crystals in every 
case when pure, white crystals are to be obtained, the chief require- 
ment for a good yield is the careful separation of the sirup purg- 
ings, according to their purity, so that the better portions can 
be again boiled down with the thick juice for the production 
of sugar-crystals. The first portion of sirup ccntrifugaled is 
the so-called green sirup” which in the ordinary method is 
collected by itself, sometimes being thinned by steam. The 
sirup that is next obtained in the covering process is at first carried 
off in the green-sirup gutter, but as soon as it becomes lighter 
colored, showing covering-sirup, it is run into a different gutter 
and either carried back directly to the thick sirup, or it is added 
by itself to the vacuum-pans during the boiling process. 

For the separation of the covering-sirup according to its purity 
there are a number of different devices in use. It is important 
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for the simpler forms, in which the separation takes place outside 
the centrifugal machines, that the centrifugation of each filling 
should not be accomplished in too short a time, so that one grade 
of sirup will run off sufficiently before a second quality is thrown 
off, the green sirup being removed when the covering process 
begins and, conversely, the better covering-sirup run off when 
the centrifugals are filled with fresh massecuite. In the case 
of large centrifugal machines which must run for a longer time 
the separation of the sirup is better than in the smaller ones. 
In other methods of separation the sirups of different degrees 
of purity are separated in the casing of the centrifugal apparatus 
itself, so that here the separation is a sharp one, to the extent 
that it is possible to remove the sirup by centrifugation. In 
this way the centrifugal work is accelerated. Even here, how- 
ever, more centrifugals are required in the manufacture of the 
sugar-crystals than when merely the raw sugar is produced. 

The further treatment of washed sugar-crystals depends upon 
the product which it is desired to manufacture. Granulated and 
crystal-sugar must leave the centrifugals in a warm and somewhat 
moist condition, so that the crystals do not bake together to form 
solid pieces, whereas, in the manufacture of the Pil6c (loaf) sugar 
this cementing is desirable. When the crystals have been ])rG- 
pared by washing with steam it is not necessary to hav(^ any 
particular arrangement for drying them, for this is sufficiently 
accomplished during the transportation and sifting of the product. 
In case the crystals have been washed with water they must 
be dried in drums or granulators. When a product of uniform 
grain is desired it must be sifted. The smaller crystals, or some- 
times the whole product, are frequently powdered. It is im- 
portant that even these sugar-crystals, as in the case of the raw 
sugar, must be thoroughly cooled before they are sacked or stored, 
as otherwise the sugar is apt to get a yellow coloration. In the 
preparation of Pil6e, centrifugals of an especial design are em- 
ployed which provide for the easy removal of the hard loaves. 

Another method for preparing white crystals from the masse- 
cuite is the massecuite wash. The massecuite, being brought 
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to the proper point in the vacuum-pans, is cooled to 40® or 50® 
(104-122® F.) in the crystallizers, and, finally, diluted till the 
mother-sirup is only slightly supersaturated. Under no cir- 
cumstances should there be fine crystals or crystalline meal, but 
a uniformly good grain should bo obtained. The massocuite is 
placed in large rectangular or oval tanks provided with sieves at 
the bottom, and the sirup draining off is sucked away by means 
of a pump. As soon as the first sirup has been drairuKl off as 
completely as possible, one that is purer is poured over the 
mass and this is likewise drained off, the operation b(4ng repeated 
three or four times with sirups of constantly increasing purity. 
The sirups first used come from the previous coverings, but in the 
last case a pure sugar-solution is used; (dther such a solution is 
prepared or else pure water is added, which dissolves enough 
sugar from the crystals to become saturat('d. 

Particular stress must be laid upon the importance of s('pa- 
rating the sirup well after each covering. TIkj first sirup has a 
purity of 70 to 75. This is taken out of th(i proet'ss and no 
longer used for washing. The second siru{) servers for tlu* first 
cover of the next massecuite and so on. The sirup is run into 
cells or into ordinary tanks, in which the supcn’saturatc'd sirup 
that has drained off at the beginning can be dilutcid to th(‘ proptu* 
concentration with water. 

Since the temperature in the wash-room is quit(^ diffeu'ent at 
different seasons of the year it is not possil)lo to pr(\scrib(H)n(‘(* 
for all time any definite density for wiish-sirups^ but this demsity 
must be governed by the prevailing tcm])eraturo, so that tlu' siru])s 
used will be saturated with sugar in all cases, and not supersal uratcHl 
at one time and undersaturated at another. The temperature in 
the wash-room should not fall l)elow 20® C. (OtS® F.), bec^ause at 
temperatures lower than this the viscosity of the sirup increases 
very considerably and the washing will then I’ccjuiro a much greater 
length of time; it is advisable that the room should be heated 
in winter. In the same sense any supersaturation of the wash- 
sirups acts detrimentally, whereas, on the other hand, although 
imdersaturated juices effect a much more rapid washing they 
dissolve sugar, and, consequently, lessen the yield. Only when 
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the massecuite contains a strongly supersaturated sirup is it 
desirable to use for the first cover an undersaturated wash which 
will become a saturated liquid when nGdxed with the supersaturated 
sirup, thus accelerating the washing without dissolving any sugar 
from the mass. It is naturally preferable to work up the masse- 
cuites in the crystallizers so that the mother-sirup will form simply 
a saturated solution. 

The yield of white crystals is greater by this method than when 
centrifugation is employed, because a green sirup of lower purity 
is in each case removed from the process. This result, however, 
!s obtained only after the expenditure of considerable time. 

A further disadvantage of the washing method: If a sirup is 
used for a relatively great length of time before it is thrown out 
there is a i)Ossibility of its changing. At all events it is necessary 
to exercise the greatest care to avoid all causes for inver- 
sion of the sugar. Great cleanliness is required above all things, 
and sirups should also show the desired amount of alkalinity. 
This alkalinity is maintained by the addition of soda rather than 
lime. When inversion of sugar sets in to any extent the only 
remedy is to carefully clean all tanks and cells and start the work 
afrerh. 

If the sugar obtained by washing is to bo worked up into 
crystals it must be centrifugated and then dried. Usually this 
washing process is only for the purpose of obtaining crystals that 
are suitable for refining; in such cases the crystals are dissolved 
directly in the tanks. 
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WORKING UP CENTRIFUGAL SIRUP INTO AFTER-PRODUCTS. 

The main object in working up centrifugal sirup from the first 
products is to obtain all the sugar possible in crystal form, but 
not with too fine a grain, so that the mother-liquor eventually 
obtained is a true molasses. 

This end is attained in different ways: first of all the sirup 
must be thickened or boiled down. For this purpose a vacuum- 
pan is used which is of the same construction as that used for 
boiling the concentrated juice; one heated by means of pipes, 
arranged vertically or inclined and of large diameter, being prci- 
ferred. For the thickening of the sirup and the management of 
the apparatus the same direct’ons and rules hold that were given 
for boiling juice, except in so far as they were applicable only to 
juices of high purity. It is particularly important to make sure 
of good sirup circulation, that the sirup is well warmed, cntcjrs 
in the lower part of the apparatus, and that the heating is I y 
means of low-pressure steam. 

There arc three principal processes for working up centrifugal 
Sirup. 

1. Blank boiling of the sirup, subsequently allowing the sugar 
to crystallize out in tanks, with or without the addition of ex- 
citing crystals. 

2. Blank boiling of the sirup and working up the massecuite 
in crystallizers, in which the crystals are either formed by cook 
ing or ready formed crystals are added. 

3. Boiling the sirup to grain, or with the addition of exciting 
crystals, and further working up of the massecuite in crystallizers. 

220 
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By all of these methods of working the complete crystallization 
of the sugar up to the formation of true molasses can be effected, 
but the length of time required is different. It is assumed, of 
course, that in each case the process is correctly carried out. 

In the proper working up of centrifugal sirup the correct con- 
centration and temperature should be maintained during the 
whole period of crystallization, and those conditions established 
which are favorable for crystallization. Exactly as in the prepara- 
tion and treatment of the massecuite of the firsts here, again, 
in working the massecuite from the sirup a definite supersatura- 
tion is most favorable, but this depends upon the purity and the 
temperature. Too great supersaturation, especially in the case of 
pure sirups, tends to form new and fine crystals at the time when 
it is not desirable that any more crystals should form, and so tends 
to retard or prevent the desired crystallization, and particularly at 
low temperatures, on account of the greater viscosity of the sirup 
Too low supersaturation, on the other hand, makes crystallization 
take place much more slowly, especially in the case of impure sirups. 

Only when centrifugal sirup is boiled to grain, or with exciting 
crystals, can the concentration be constantly maintained at the 
supersaturation-coefficient which is known to be the most favor- 
able. In the case of all the other methods of working the proccKSS 
should be conducted so that the mother-liquor remains supersat- 
urated up to the last, that is, until all the crystallizable sugar has 
separated out. Such a massecuite will consist of sugar-crystals 
and an actual molasses in a saturated or slightly supersaturated 
condition. 

The supersaturation ratios of impure centrifugal sirups are 
not as simple as in the case of the pure sirups. Whereas, in the lat- 
ter, the coefficient may be assumed to be practically the same as in 
the case of pure sugar-solutions and the extent of supersaturation 
can be readily computed by means of solubility values of pure 
saturated sugar-solutions; in the case of sirups the supersatura- 
tion relations depend upon the amount and nature of the non- 
sugars present. 

Small amounts of but one non-sugar in solution with sugar 
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lessen the solubility of the latter, while larger amounts increase 
the solubility. As a rule, non-sugars which take up water of 
crystallization diminish the solubility of sugar. Those which 
tend to increase the solubility of sugar most are alkaline salts 
of organic acids. Practically the same phenomena arc observed 
in mixtures of non-sugars, in general, such behave as the sum 
of the equivalents of the individual constituents, not as the sum 
of the individual influences of the constituents. 

It appears however, as if the total non-sugars, in the sirups 
and molasses from beet-sugar manufacture, in spite of great 
variation in quantity, characteristics and composition always have 
practically the same influence upon the solubility of the sugar, as 
long as the proportion of ash to organic non-sugar remains prac- 
tically the same, and no abnormal constituents arc present. In 
pure sirups there is never any variation in this solubility influence; 
when it does appear it is first noticeable in molasses liciuors. Hence 
it is almost a certainty that sirups of more than 65 purity, 
even of different crops, will show practically identi(uxl sugar 
solubility. 

Among the substances having strong influent^c on the solu- 
bility of sugar, especially in molasses, arc raffinose, organic lime 
salts, particularly those formed from the decomposition of invert 
sugar by lime, likewise invert sugar itself. All these sul)stanc(‘s, 
whether free or combined in salts induce sugar crystallization, 
in other words, lessen its solubility. 

In order to prevent any misunderstanding it is important 
to emphasize in this connection that these solul^ility relations have 
in themselves nothing to do with the formation of molasses, as 
is frequently erroneously assumed. The solubility data simply 
show how much the sirup must be evaporated in order to bring 
it to the crystallizing point. If the sugar is more soluble in one 
non-sugar than in another it is evident that the former must be 
evaporated to a greater extent before the sugar will crystallize; 
this is assuming that the liquid is purer than a true molasses, for 
the latter can be evaporated to dryness without any sugar crystal- 
lizing out. 
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The solubility of sugar varies with the temperature and the 
proportion of water to sugar in impure, saturated sugar solutions 
ij quite different than in pure. The reason for this is that in the 
strong concentrating of solutions at high temperature, not only 
the sugar-content but the non-sugar-content increases and conse- 
quently the latter exerts greater solvent action on the sugar. 

For example, a sirup of 62 purity is saturated at 20° (GS° F.) 
when it contains for each part of water 1.15 times as much sugar 
dissolved in it as a pure sugar-solution saturated at the same 
temperature, that is to say, 2.04X1.15 parts of sugar. Then the 
composition of this sirup is: 20.9 per cent, water, 49.0 per 
cent, sugar, 30.1 per cent, non-sugar. But this same sirup is 
saturated at 70° (158° F.) when it contains 1.5 times as much 
sugar as a pure siigar-solutiOn saturated at 70^, hence, with 
1.5X3. 2 parts of sugar, its composition is: 11.4 per cent water, 
54.9 per cent, sugar, 33.7 per cent, non-sugar. Accordingly in 
the sirup saturated with sugar at 20° there are 1.41 parts of non- 
sugar per part of water, while in that saturated at 70° there are 
2.96 parts dissolved. This doubling of the strength of the non- 
sugar solution accounts for the increased solubility of the sugar. 

Temperature by itself seems to have no influence on the 
solubility influence of the non-sugar, at least only an indirect one, 
as when temperature variation causes a change in the amount of 
water of crystallization combined with the salts in solution with 
consequent alteration of the amount of free water present. 

The value expressing the excess of sugar disvsolved in a sirup 
per unit weight of water over that in a saturated solution of pure 
sugar, at the same temperature is of great practical significance 
in understanding and controlling after-products. This figure 
is known as the saturation coefficient.*’ It follows along this 
reasoning that the saturation coefficient for all sirups is smaller 
the lower the temperature and greater the lower the purity, these 
changes always being results of concentration variations in the 
non-sugars in solution. 

Consequently, the ratio of sugar in a unit weight of water in the 
mother liquors to that in a pure sugar-solution at the same tern- 
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perature is recommended as the best control figure for working 
up after-products in a practical way. Since both methods are 
founded on the same principles it is a matter of preference which 
will be used. The saturation coeflB.cient seems to bo simpler 
and explain crystal formation better, moreover the supersatu- 
ration can always be expressed through the former as a pro- 
portion. 

The values of saturation-coefficients of sirups of different purity 
at different temperatures, in other words, the extent of the in- 
fluence of non-sugar solutions of different concentrations on the 
sugar solubility, are not very well known. Investigations are 
rather diflSicult to make. The results also vary according to 
whether the saturation is determined by crystallizing out from a 
supersaturated solution or dissolve the sugar in a solution whic^li 
is unsaturated. In the first case the saturation coefficiemt is 
larger than in the latter and this difference is gr('at(‘r tluj low(‘r 
the purity of the sirup. 

For practical work, the coefficients found ])y crystallizing 
sugar out from supersaturated solutions an^ th(‘ corn'ct oiu's. 
From the few experiments which have ]>cen mad(‘ only appi-o\- 
imatc values can be given, but these are, howevc'r, sufrudeiit for 
practical purposes. 

First of all it is of interest to show the saturation reflations 
in centrifugal sirups of different degrees of purit.y at thc' final 
temperatures of the crystallization, which lie ‘10° and 

50° C. (104-122° F.) At these temperatures the saturation- 
coefficient is ^ 


In saturated 

sirups of 

75 

purity about 1.0 

t C it 

it it 

75-70 

1 1 

( c 

1.0 -1.05 

it it 

it it 

70-65 

t i 

t ( 

1.05-1.10 

it it 

it a 

65-60 

1 1 

{ c 

1.10-1.25 

it it 

under 

60 

t ( 

t ( 

1.3 


The saturation conditions in a centrifugal sirup of about 60-62 
purity, that is in one which is practically a molasses, is for different 
temperatures approximately as follows: 



AFTER-PRODUCTS OF CENTRIFUGAL SIRUP. 


225 


In One Part of Water are Dissolved 


Temperature. 

In a Saturated 

In a Saturated 

Difference. 

Saturation 
coefdcient 
of Sirup, 

Sirup of 60-62 
Purity. 

Solution of Pure 
Sugar. 

80 ° C . ( 176 ° F .) 

5.8 

3.6 

2.2 

1.6 

70 ° “ ( 158 ° “ ) 
60 ° “ ( 140 ° “ ) 

4.8 

3.2 

1.6 

1.5 

4.1 

2.9 

1.2 

1.4 

50 ° “ ( 122 ° “ ) 

3.4 

2.6 

0.8 

1 . 3 

35 ° “ ( 95 °“ ) 
20 ° “ ( 68 °“ ) 

2 8 

2.3 

0.5 

1.2 

2.3 

2.0 

0.3 

1.15 


By means of these data the composition, or at least the water- 
content of the molasses-mother liquors can be calculated, assum- 
ing crystallization to be properly carried out and the purity of the 
molasses about 60. Such molasses cannot dissolve sugar because 
it is saturated, while, on the other hand it will be the least hindrance 
to crystallization, since its viscosity is the smallest possible. 
Obviously in practice the molasses-mother-liquor must be kept 
somewhat supersaturated, in order that crystallization will go on 
till the end, and as a fact the supcrsaturation-coefiicient is kept 
at from 1.05-1.10. The following data of the composition of 
molasses-mother-liquors at different temperatures at completion 
of crystallization give the highest water-content permissible, but 
which actually in practice ought not be any less. 

Composition op Molasses. 


At a Temperature on 
Completing Crystalli- 
zation of 

Sucrose. 

Water. 

Non-sugars. 

Purity. 

35 ° C .( 95 ° P .) 

50 ° “ ( 122 ° “ ) 
60 ° “ ( 140 ° “ ) 
70 ° “ ( 168 ° “ ) 

49 4 

51 0 

52 4 

53.3 

17.6 

15 0 

12.7 
11.1 

33.0 

34.0 

34 9 

35.6 

60 

60 

60 

60 







Moreover, from these data the proper concentration can 
be calculated for the final thickening of a sirup, which is boiled 
blank, so that the final molasses will have suitable super- 
saturation. All that is necessary is to make a calculation of the 
sugar required to be dissolved in the molasses to bring it to 
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the purity of the sirup and then reckon the result as a percentage. 
When sirups are boiled to grain the supersaturation-coefficients 
which are maintained during boiling usually depend on other 
circumstances, which will be explained later. The normal molasses 
data only serve in such cases to establish the proper concentration 
for purging. 

If the proper concentrations of sirup and mother-liquor sirup 
are used all the conditions necessary for best crystallization are 
fulfilled, since the sirup under such conditions has the least vis- 
cosity. 

The viscosity of sirups or molasses is decidedly a hindrance 
to rapid graining, since the molecules of dissolved sugar must 
overcome the resistance caused by this viscosity in order to 
come in contact with the crystals. This resistance cannot be 
appreciably lessened by mechanical movement of the mass, because 
the sirup particles adhering to the crystals, and out of which the 
sugar must crystallize, do not in the least change their position 
relative to the crystals. Mechanical movement of massecuite is of 
no use whatsoever, except to equalize temperature and concen- 
tration in different parts of the apparatus, while the maintenance 
of uniform concentration around the crystallization centres depends 
on diffusion, which in turn is dependent on the viscosity. To 
obtain the most appropriate concentration of the sirup there must 
be for the given conditions the least possible sui)ersaturation, as 
this gives the least viscosity, for this latter increases very rai)idly 
with the degree of super saturation. Temperature has still greater 
influence on viscosity. At temperatures of from 75°~9()° C. (1G7°-- 
194° F.), that is at the ordinary boiling temperatures of the 
vacuum-pan, the viscosity of sirups, whether of high or low purity, 
or whether saturated or quite strongly supersaturated, is prac- 
tically the same. If, however, the temperature falls to 60°-65° C. 
(140°-150‘^ F.) the viscosity increases much more in proportion 
as the sirup is impure or supersaturated; indeed, the viscosity of 
impure sirups can be so great at ordinary temperatures that no 
crystallization at all can occur. On the other hand, centrifugal 
sirups can be supersaturated to a greater extent 'the higher the 
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temperature, and the crystallization period be correspondingly 
shortened. A good high temperature can only be maintained for 
any length of time in vacuum-pans or crystallizers, hence, as ex- 
perience has shown, crystallization in such apparatus is decidedly 
quicker than working with wagons or tanks. 

Other necessary conditions for good and quick crystallization 
of centrifugal sirup are uniformity of temperature and concentration 
in all parts of the massecuite and a suitable amount of crystal foun- 
dation. Uniformity of temperature and concentration can only 
be maintained in vacuum-pans or crystallizers. Moreover, such 
apparatus have the advantage that the crystal foundation which 
is put into the massecuite or formed from it always remains uni- 
formly distributed throughout, and is therefore best utilized for 
crj^stal nuclei. The greater the number of such nuclei the sm iller 
the crystals, aiifl for an equal weight the quicker the removal of 
the sugar from the sirup. For the manufacture of fine-grained 
sugars there is, however, in practice, a certain well-defined limit 
as to size, for necessarily the crystals must be suhicicnitly formed 
at least to give no difficulty in purging or (*ause loss. Obviously, 
too, the market requirements, or the us(^ to which the sugiir is to 
be put, will be an important consideration in the choice of grain, so 
that it often is profitable to add a decidedly (‘oarse grain, of wliich 
a much greater weight will have to be used to desugarize the 
sirup well. 

Working up after-product sirups is often the bugbear of the 
establishment, particularly in beet-sugar factories; but if the 
necessary care and supervision are spent on this work, better yi(‘l(l 
and quicker crystallization can surely be obtained with no greater 
cost whatever, and these are certainly important improvemonts. 
The conditions bearing on this work have, therefore, been de- 
scribed more in detail than would otherwise be necessary. 

Control in working up after-products is much facilitated by use 
of apparatus showing continuously the concentration of the sirup 
during boiling in the vacuum-pan. Formerly the thickening was 
controlled by the string-proof, which gave fairly reliable indications 
when made by a skillful and reliable sugar-boiler. In many estab- 
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lishments the sirup after being boiled blank was tested by a spindle. 
When this spindle-test was made on the hot sirup it was unreliable 
at the high density; when the test was made in the laboratory 
the results were obtained too late to be availed of in making any 
change in the concentration. An accurate determination of the 
concentration of the massecuite actually in the vacuum-pan is the 
only one of use, and this can only be made by the boiling-control 
apparatus already described, using tables and temperatures adapted 
for sirup. 

(a) Working up Centrifugal Sirup in Tanks or Wagons. — It is 

impossible by one blank boiling of a centrifugal sirup, having the 
usual purity of about 75, to obtain complete crystallization of 
sugar, for the sirup would have to be made much to(3 thick. On 
this account, where complete sugar-extraction is dc^sircul, . the 
wagon- or tank-process is generally used, the sirup being boih'd 
twice, the first time not too stiff, so as to get a good grain and a 
molasses cf from 65~6S purity, the second time to a coiiccMitration 
suitable for this purity. 

No hard-and-fast rules can be given for the boiling of firsts, 
because the density is dependent on the size of grain desired in the 
second product as well as the size of the tanks and the tempera- 
ture of the crystallizing-room. Ordinarily the sirup is cooked 
to a water-content of 13 per cent, and is put into rather small and 
shallow tanks. When working with the very pure sirups from 
refined sugar the massecuite of the second products is also run 
into tank-wagons. 

It is only a question of time when such working up of centrifugal 
sirups from first products will disappear from all factories and be 
replaced by use of vacuum-pans and crystallizers, for at least 
as good results as obtained by the tank-process for second products 
can be got with the poorest boiling-apparatus and time and labor 
saved besides. At least, with poor apparatus the purity of the 
molasses is rarely under 65, so that it is necessary to boil again 
to a third massecuite, which must be crystallized out in large tanks 
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or pits. Indeed, if the purity of this second product is only about 
3 per cent, higher than the final molasses reboiling can be done 
to advantage, for a lowering of the purity one unit will increase 
the yield of final product about 1.7 per cent, of the massecuite. 

Polling such impure sirups should be done with the aid of the 
boiling-control apparatus, using the following table calculated for 
a molasses of 58 purity. 

'Prue purity of centrifugal 

sirup 68 67 66 65 64 63 62 61 60 

Water-content of sirup 

after boiling, per cent. . . 11.5 11.8 12.2 12.5 12.8 13.2 13 5 13.8 14.1 

These values for the water-content of thickened centrifugal 
sirups, it should be observed, <afe the highest permissible for obtain- 
ing complete crystallization of after-product massocuitc's. As a rule 
it is advisable to thicken a little more to be on the safe side, and 
make the water-content .J- to 1 per cent, less than givcui in the table. 
This is also advisable for another reason: If the massecuiite is 
too fluid during separation of the crystals in tlu^ tank they sink 
to the bottom while still very small, and so deprive the upper 
layers of the necessary crystal foundation. On this account a 
certain viscosity is unquestionably nc(*.essary, and hence to obtain 
this the water-content must be made lower in proportion to the 
time a high temperature is maintained in the tanks. Evidently 
boiling should be somewhat stiffer for large tanks than for small 
ones. Moreover, if the steaming-out liquors arc not kept separate, 
but go into the tanks mixed with the strike, obviously the thicken- 
ing must be greater in order to give the prescribed density to the 
sirup actually in the tanks. 

The initial temperature of the massecuite is the temperature 
at time of discharging the strike, say 80°-90° 0. (17G°-194° F.). In 
order not to cool too quickly the room should always be heated 
to a temperature of about 40° C. (104° F.). This heating is done by 
means of steam or heat from special coke-furnaces. In two months 
at the most the temperature should have sunk to 30° C. (86° F.), 
and the crystallization finished. The best-formed crystals, the 
size of which depends on luck, for even the most skillful sugar-boiler 
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cannot succeed in getting massecuites which crystallize uniformly, 
will have in the main sunk to the bottom, leaving the supernatant 
sirup practically free from grain. The massecuite can be removed 
without trouble and purging is easy. It is a very good idea to 
pump the massecuite into crystallizers by means of a massecuite 
pump, if the former are available, and stir and heat up to 40°~ 
45® C. (104®-113® F.), or heat to the required temperature in tubu- 
lar heaters before purging. In either case purging can be done 
with little or no addition of dilute molasses, so that any solution 
of crystals is avoided. 

Massecuites boiled too stiff, and consequently improperly, must 
be worked up in the mixer with dilute hot molasses. This always 
dissolves much sugar, so that the purity, of the final molasses is 
often 2-3 per cent, higher than that from a massecuite properly 
boiled and handled. 

Tank crystallization is always unsatisfactory, because the crys- 
tal foundation soon becomes wanting, as the crystals in the uppen- 
layers on account of Iheir weight soon begin to settle, and, eoii 
quently, the upper layers of sirup in the tank always liav(‘ a higlnM- 
purity than those below, in which the crystals have depositcMl. In 
order to mitigate this evil, stirrers, cither horizontal or v(‘rti(*aJ, 
have been recommended to mix the contents of the tanks, as w(‘ll 
as pumps for lifting the lower layers and distributing thenn ()V(‘r 
the surface, so as to make the crystals settle through tlu^ sirup 
which is less exhausted. The cost of such macdiinery is, howcwcir, 
disproportionally great. 

Stirring blank-boiled massecuites in the tanks is clones ap- 
parently most simply and cheaply by air bubbles, although this 
method to be practical requires expensive apparatus and suitable 
supervision. This stirring by compressed, air is only successful 
with massecuites of a purity not higher than 72-73. If the strike 
is of higher purity, it must be allow^ed to crystallize and desugarize 
some or be boiled to grain before stirring. The tank is so con- 
structed that the compressed air enters at the very bottom, 
through masonry troughs in the floor for instance. The air should 
enter in a rush in puffs, being under high pressure, either through 
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A movable pipe or a hose connected with the air line or through, 
a multiple pipe system in the ‘tank. It is a good idea if these 
pipes have a slit underneath so that the compressed air blows out 
sideways and so stirs the massecuite better. The time of tank 
crystallization apparently can be shortened to some extent, and a 
somewhat better yield obtained by adding to the boiled sirup a 
relatively small amount of fine sugar crystals, sugar-meal, or 
powdered sugar, about 0.1 per cent, or less, according to its fineness. 
These crystals or crystal fragments serve as a foundation or 
excitant for starting crystallization immediately, and at least 
that time is saved which would have been necessary for forming 
the initial crystal nuclei. It is best to boil the sirup a little stiffer 
for this manner of working, so that the crystals will remain as 
long as possible in suspension in the hot massecuite and not quickly 
s(‘tth‘ to the bottom. As a rule, the sugar made in this way is of 
fiiu' grain, purges poorly and gives a poor yield. 

That tank-work, in so many ways so disadvantageous for 
crystiillization, gives rcdativc'ly good results, is due to th(‘ fact that 
th(‘ tinu‘ of graining (‘-an l)o e.xtended to any length. Its disad- 
vant.agc‘s are, that the work is dirty, expensive, and to a certain 
extent unhealthful. These evils are the chief reasons for its 
al )()lishment, 

(/;) Working up Centrifugal Sirup in Crystallizers.— By this 
nu)(l(^ <’)f working, also, the c.cnt rilugated sirups of the first pioducts 
an^ usually not desugarized to a purity of final molasses at o??e 
operation, as the concentration of the sirup boiled blank would 
always be too high. luir ('onqdete exhaustion by crystallization, 
centrifugal sirups should be thickened and boiled as indicated by 
the tables giving data for tank-work. In the case of the purer 
sirups, which must be as much supersaturated as possible, far 
too many crystals would be formed if crystals were added, on 
account of the small crystal nuclei being already present. 

To prevent this, the purer centrifugal sirups, over 70 quotient, 
should be boiled thinner than the table shows; then, however, 
they cannot ever be reduced to the purity of final molasses. As 
a matter of fact, a final sirup is obtained which has a purity 
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varying; according to the sirup boiled, between 63 and 65 or 
higher, so that such sirup can be boiled again to advantage and 
worked up in tanks or crystallizers. 

While it is true that purer sirups can be mixed with impure 
sirups, or molasses, and brought to a purity of 70-72, and that 
such mixtures can easily be boiled and brought down to a 
molasses purity, the crystallization is injured by sii(di nu'thods 
and the greatly increased volume of thc^ massecuito re(iuires 
more crystallizer capacity aiul more labor for purging. 

Ordinarily, centrifugal sirups arc boilc^d for cr^'stallizcu’ work 
to a water-content of about 10 per cent, and crystals arci allowed 
to form* by cooling in the crystallizer, or 15-20 per cent, of sugar 
is added as a foundation. The sugar added should always b(‘ first 
warmed and mixed with hot, thick sirup, as addition of cold 
sugar might form second grain. It is much 1 adder to draw the 
sugar slowly into the vacuum-pan after the sirup has h('coiuo 
suitably concentrated, cither directly or mix('d wilh sirup. 

Another method of boiling consists in thiedeening the sirup, 
which should not have a purity greater than 72, at th(‘ high tem- 
perature of 95-100° (203-212° F.) to a watc'r-conUuit of 7-i) per 
cent, and then induce crystallization })y shaking violently by 
means of steam injection. A coniparativ(dy larger ejuantity of 
fine crystals arc formed by this action, which accaderates graining, 
and providing they attain sufficient size, do not clog the centrifugals. 

Cooling-off in crystallizers must take pla (‘0 veuy slowly. Such 
apparatus should be equipped with a watcr-jackc't, so that the 
massecuito can be warmeef when necessary. The final tennpera- 
ture should not be too low, usually not lower than 40° (104° J<\). 
At times hot or cold air is passed over the massocuitc', which 
regulates the cooling, and at the same time causes evaporation 
and a further concentration. 

Massecuito in crystallizers only needs to be stirred very slowly, 
at most, the stirrer should make from one to two revolutions per 
minute, and may even be discontinued for certain periods. 
When warming or cooling, obviously the stirrer must be con- 
stantly in motion. 



AFTER-PRODUCTS OF CENTRIFUGAL SIRUP. 


233 


The stirring period depends on the extent the sugar is to be 
extracted, and upon the purity of the resulting sirup. Two to 
three days arc sufficient to reduce a sirup of 75 purity to one of 
65 purity. Five to six days at least are necessary to reduce a 
sirup of 65-70 purity to about 60 purity. It is no more possible 
by this process than by tank-work to reduce sirups of higher purity 
than 70 in a single boiling to the purity of true molasses. More- 
over, the impure sirups never crystallize uniformly; often the 
purity of the centrifugated molasses shows large variation, and 
the ]nirging its(^lf is fro(iuently very difficult. 

WluMi crystallization is complete, the massocuite should usually 
l)e tlunn(‘(l to a moj‘(^ or k^ss cU'grec so as to make it purge easily. 
Cooling on the way to tlu' (‘(aitrifugals must be avoided. 

If sugar is added for grain foundation, raw first sugars 
should b(‘ used to get good, large crystals. Usually, however, fine- 
grained aft(u-product sugar is used, or a part of the massecuite 
of the previous crystallizer is put in. Working thus simplifies 
the j)roccss, it is true', but second grain is always formed in with 
the larg(‘ crystals, while the lattcu* tend to form in plates, which 
arc not so much desired and are apt to purge badly. Broken 
crystals arc rccommendc'd for rapid crystallization. Crystal 
fragments and splinters remove sugar from solution with great 
energy and grow into normal crystals, after which they behave 
like any otheu- crystal. 

(r) Boiling Centrifugal Sirups to Grain. — The difficulty en- 
countered in completely desugarizing sirups of high purity in 
crystallizers can be overcome by boiling such sirups in the vacuum- 
pan, either to grain or with grain previously added. If centrifugal 
sirups are grained, or grain added to the weakly supersaturated 
sirup, sufficient sugar can be crystallized out by one proper boiling 
in a vacuum-pan to reduce the purity of the sirup to at least 65-67. 

With no fear of trouble, the concentration of such impure sirup 
can be made so high that any further crystallization, up to com- 
plete desugarizing of the molasses, can be accomplished either by 
reboiling in the vacuum-pan itself, at the pan temperature, or in 
crystallizers by gradual cooling. In boiling dentrifugal sirups to 



234 


BEET-SUGAR MANUFACTURE. 


grain, just as in boiling juice-sirups, the pan must be regulated so 
that the mother-sirup is kept continually at the proper degree 
of supersaturatmn during evaporation, and not obtained by 
gradual cooling, as in regular crystallizer work, where crystalliza- 
tion must perforce take place at a lower temperature, not so 
favorable for the purer sirups. 

There are many different and conflicting ideas about boiling 
sirups to grain. Those methods emphasizing details of minor im- 
portance as far as the actual conditions affecting crystallization 
are concerned, such as, for example, the kind of mechanical stirrer 
to use or the arrangement of the sirup feed-pipe, obviously will not 
lead to results of permanent value. The only satisfactory boiling 
method is one which keeps the sirup, at every stage of the process, 
at a concentration most favorable for crystallization, and in which, 
by the aid of suitable circulating devices, the temperature is con- 
tinually uniform throughout, and gives a boiling-point actually 
eorresponding to the vacuum. 

Whereas, in boiling juicc-sirups to grain, maintcnanc^e of i)rop(‘r 
concentration, according to external appearances, can Ix^ leanxMl 
after some practice, and mistakes made here might )>o coriH'ckMl 
in working up after-products, in the case of centrifugal siruj)s 
unexpected difFicultiCs arc met owing to their great viscosity, whicli 
is affected by temperature. Final boiling of centrifugal sirups, 
however, has to be done practically pcrfo(*tly, to avoid large loss('s 
in the sugar-yield. In this work the hoiling-control (vpjmmluH is 
again of service, since the boiling must be slow, and therefore the 
indications of the simplest form of apparatus can be followed with- 
out trouble; such apparatus is quite necessary for the boiling to 
grain, and should show the water-content of the sirup. 

Th^ concentration of the simp, or mother-liquor, that is, its 
water-content, must be calculated for every boiling, especially for 
the various pure sirups. In these calculations, too, the super- 
saturation-coefficients are the fundamental data. 

While graining, the coefficient for the better grade cen- 
trifugal sirups should be the same as for juice-sirups, but be taken 
somewhat greater when the purity falls as low as 68. 
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After grain has been formed, the coefficient, just after 
feeding with sirup, should be somewhat diminished; but as soon 
as the crystals become of perceptible size it should again be 
raised, but raised gradually, according as the crystals grow and 
the purity lowers. It is advisable to lower it again and when the 
pan is finished. 

In actual practice, data of supersaturation-coefficients are not 
of use by themselves, but the water-content of sirups of various 
purities and at different times should be calculated by means of 
such tables; for, with help of such data and by use of the control- 
apparatus, the sugar-boiler can finally make the boiling a purely 
iiK'ehanical process. 

Grain can be made from centrifugal sirup, thickened accord- 
ing to th(' indications of such tables, or by the string-proof, or, 
as in th(' juice-sirups, by introduction of new liquor, or even 
s()l(‘ly by agitation caus(Ml by nu'chanical stirrers, this being 
simply what is known as crystallization in movement, and is 
r(‘gulat(‘d, according to the data of tli(‘ tables, so that in a certain 
tbiui th(‘ propeu’ amount of (‘rystals is formed at the prescribed 
concemtration. SpcM'ial skill is not necessary for making grain by 
this latt(‘r proc(‘ss; the pan-man must rather avoid allowing 
grain to form too long. In iho purer sirups, of, say, 75 quotient or 
more, suitable grain is formed in a few minutes after the concen- 
tration is reached. In more impure sirups, an hour or more 
passes before the grain becomes visible. Obviously, graining can 
be expedited by using greater concentrations; but, if that is 
done, there are always too many crystals and the grain is too 
fine. As* in the case of first product, it is important that the 
charging sirup is properly heated so that any sugar which has 
separated out in cooling after the centrifugal work or passed 
through the sieves will be redissolved. If this is neglected, there 
will be fine grain in the pan which will interfere with the regularity 
of the graining. 

Diluting the sirup, which is sometimes recommended, is entirely 
unnecessary. It increases cost of evaporation and lengthens boiling. 
It is only needed when very large grains have been left in the sirup. 
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As soon as suitable grain is formed, sirup is again drawn in, 
and the steam in the coils, which was entirely shut off during 
forming of the grain, is again applied, and the heating and juice- 
feed so regulated that the water-content remains constantly at 
the value calculated for this particular strike. Boiling must go 
slower in proportion to the extent that crystallization is to bo 
carried in the vacuum-pan. In 16-24 hours, ordinarily, a sirup 
purity of about 68 is reached, but for 62 the boiling must last 
60-72 hours. 

It does not appear advisg,ble to carry this desugarizing of the 
mother-sirup in vacuum-pans to more than 65-68 purity. The 
massecuite, when boiled to about this point, is discharged into 
crystallizers, in which it is stirred for sovc'ral days, whiles it is 
gradually cooled and a regulated amount of water added. 
Cooling is so regulated that the temperatures sinks about 10° 
(18° F.) in 24 hours, experience having shown that crystallization 
of the sugar on a crystal foundation progresses most favorably 
under such conditions. 

The supersaturation increases as the temperature falls, although 
sugar is continually crystallizing out. ^Fhe reason is chiefly Ix^^ause 
the saturation-eoefTicicnt, as has been explained before, (l('(Teascs 
with falling temperature. The supersaturation will, therefore, be 
so great that finally second grain will begin to form. In ordc^r to 
prevent this second grain forming in the crystallizers, since, being 
in the form of crystal flour, it cannot be removed by the centrifugals 
and makes the purging very bad, water is added at a i)rescril)cd 
temperature, the amount being proportioned according to the 
purity of the massecuite^ and thc^ water-content of the mother- 
sirup at the time of discharging the pan. 

For example, on the first day the temperature of the jacket 
of the free space of crystallizers should drop from 90° to 75° 
(194° F. to 167° F.) on the second day to 65° (149° F.), on the 
third, 65° (131° F.), on the fourth, 45° (113° F.). Water in cal- 
culated amount should be added for every 4-5° (7-:9° F.) drop 
starting from 80° (176° F.) (condensed water of best quality 
being used). As a basis for this calculation, experience shows 
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that crystallization progresses best without formation of new 
grain at a supersaturation of 1.06-1.15. When the massecuite 
is properly boiled, for every temperature drop of 4-5°, 4 liters 
of water are added per cubic meter of crystallizer capacity (0.03 
gallon per cubic foot) for 70 purity, 3.5 liters (0.026 gallon), 
for 75 purity, and 2 liters (0.015 gallon) for 80 purity. By this 
process, in the space of 4-5 days there will be a massecuite 
cooled to 35°-45° C. (95°-113° F.), which will be free from 
guinmiriess and purge easily, giving an after-product sugar of 
good grain and high purity, as well as a true molasses. 

In order to arrive at these results with certainty it is advis- 
able to make systematic tests of the mother liquor separated 
from the crystals at periods of two and four days’ stirring, taking 
the aj)parcnt dry substance (Brix) according to the dilution 
method and the apparent purity. At the end of two days the 
water (‘ontent should be 12 per cent., corresponding to 91° Brix, 
in a syrup of ai)parent purity, 62-04, and after four days, 15-16 
I)or cent, water, corresponding to 8S-89 Brix. It is worthy of 
special note that the apparent purity differs from the true the 
more the sirup or molasses is diluted for the Brix determination 
and the lower the ratio of ash to organic non-sugar. This differ- 
ence is proportionally much greater as the purity lowers. 

In boiling centrifugal sirups, mechanical sugar losses, such as 
foaming and entrainment, are more likely to occur than when 
boiling juice-sirups, because the former are more viscous and 
become superheated more readily, especially if there is trouble 
with the vacuum, but by some care, and having a suitable vapor- 
space, loss can always be avoided. 

Losses from decomposition of sugar will take place in boiling 
and heating centrifugal sirups, as it does in every sugar-solution. 
It is, however, very small in alkaline sirups; and in the newer after- 
product processes it is less than in tank-work, because, as has been 
shown above, long-continued heat has a more injurious influence 
than a higher temperature maintained for a shorter time, providing 
that this does not exceed 90°-100° C. (194°-212° F.). There is a 
marked sugar decomposition in neutral or acid sirups, however. 
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The treatment of after-product sugars is therefore precisely the 
same as for the first, as far as this latter point is concerned. 

In many factories, after-products, especially those which are 
fine-grained, of low yield, and practically unsalable, are redissolved 
in the thin juice. Sometimes these massecuites are boiled up and 
discharged into tanks with sieve bottoms and not centrifugated, 
the mother-sirup being drained off after crystallization, and the 
slimy sugar remaining behind melted up in the same tank. Since 
every boiling entails loss and expense, it is advisable to calculate 
for eaijh individual lot whether there is any profit in working over 
for after-products. The general idea is that molasses sugars are 
better in proportion as the sirup is less completely desugarized, 
so that a product giving a molasses of 63 purity must be better 
than one giving 60 purity. This is erroneous. The quality of 
after-products depends principally, as does that of first-products, 
on the juice treatment and the graining. If these processes arc 
carried out carelessly it certainly will be necessary to shorten the 
crystallization period to obtain massecuites which will purge well 
and avoid slimy sugars. With good crystallization the grains 
are well formed and the sugar granular and not slimy, and the 
yield 88 or over. The better class after-products usually bring 
such a good price that they are more profitable to sell at once, 
except in particular cases, as, for example, when it is desired to sell 
the product from the factory directly to the consumer. 

The better class of after-products of this class can be made by 
a special “ covering process,’’ if they are too fine-grained and have 
a very viscous mother-sirup, and so give, by ordinary i)urging, a 
slimy sugar of low polarization. By this process, molasses or sirup 
from a previous purging is run simultaneously with the massccuite 
into the drum of the centrifugal after it is already in motion, this 
sirup being of the same purity as that of the mother-sirup of the 
massecuite. This cover-sirup is so far diluted that it is only 
saturated, or even unsaturated, and is heated more or less. Usually 
a molasses of 70®-75® Brix (38®-41® B6.) is used and warmed up to 
50®-70° C. (122®-158°F.). By this means, most of the viscous 
mother-sirup of the massecuite is washed or forced out by the more 
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mobile cover-molasses as soon as the massecuite gets on the sieve. 
Washing and pui^ing is made possible and is very thorough, because 
of the cover-molasses acting only on very thin films of unpurged 
massecuite, while, on the contrary, the ordinary cover-sirup method 
gives only unsatisfactory purging, as the sirup acts on a very 
irrosistant layer, as the centrifugal is full before the sirup is applied. 
As the whole operation is complete in the minimum time, the 
dilute molasses has no time to dissolve the grain, and only dilutes 
the sirup enveloping the crystals which will not purge. In this 
way a sugar is obtained which is light, easily conveyed, and of 
high yield, and a molasses with the same purity as that of the 
mother-siruj). 



Chapter xxi. 


THE PURIFICATION OF CENTRIFUGAL SIRUP. 

Before boiling down for the manufacture of ^'seconds/' the 
different sirups that have drained off are frequently subjected to 
a purification process. The simplest treatment is, in case they have 
a too high alkalinity, a saturation with carbonic or sulphurous 
acid gases. If, however, the sirups are saturated to an alkalinity 
of from, say, 0.02 to 0.04, and the massecuites of the No. 1 prodiu;t, 
in consequence, show alkalinity of about 0.05, the alkalinity of the 
sirup coming from them is not more than 0.05 to 0.10. An alka- 
linity of at least 0.05 is not only harmless, but is oven absolutely 
necessary, if sirups are to be kept alkaline during the long jxu-iod 
of crystallization in the tanks, or during the days of boiling down 
or crystallizing in the crystallizers. Conseciuently, carbonatation 
of sirups in normal process is not necessary and can ])e omitted, 
especially as the sirups are diluted thereby and the sul)se(iiient 
expense of evaporating them is increased. 

Filtration of sirup before the boiling is frequently regarded as 
advantageous, because these sirups are always more or less t.urbid, 
owing to some precipitation which takes place during trhe first 
boiling. Since the weight of these precipitates, whicdi consist 
chiefly of organic calcium and iron salts (oxalates), is, however, 
extremely slight (only 0.01 to 0.1 per cent.), and as, even when the 
sirups are dilute, it is difficult to make them filterable by addition 
of porous substances, it is obvious that the uses and practicability 
of filtration are extremely questionable. 

It has, in fact, never been proven that there is an increase in 
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purity of sirups from this operation, although, indeed, it is asserted 
that the physical properties are improved by filtration preceded 
by a saturation with sulphurous acid, but proof of this assertion 
is likewise lacking. 

On the other hand, the fact has been established in practice 
that normal sirups can be worked up to advantage, and give thor- 
oughly satisfactory results, without any filtration or saturation 
with gas. 

Another method of purifying sirup consists in treating hot, 
dilute sirup with lime (or baryta), and subsequent saturation 
with carbonic or sulphurous acid. Since lime here acts upon the 
non-sugars, which are present to a considerable extent, just as it 
does upon the original thin juices, it is clear that a perceptible 
improvement can be attained by this method only when the orig- 
inal defecation was not sufficiently (‘omplete, or was conducted 
at too low a temperature. It has never been found that the purity 
of the sirup increased by the a(‘tiou of lime, but, on the other 
hand, it is said tliat aft cr this treatment the siriqis arc more readily 
crystallizable, an advantage which, if it is actually realized, is 
l)artly traccaibh' to the dilution, since it is easier to boil dilute 
sirui)s than concent rat od ones, where there is no control used. It 
is seldom that the unplc'asantiiess of such a further saturation 
])rocess, and the cost of carrying It out, will be covered by increase 
in sugar-yield. 

If the (liffusor-juicc has l)oen insufficiently treated with lime, 
an extremely iroidilesoine and wasteful phenomenon may take 
place. This is th<^ so-called froth fermentation of the second 
massecuites. This makes itself evident by the massocuites begin- 
ning to rise after thciy are placed in the vats or crystallizers. 
Throughout the mass, a number of tiny gas bubbles arc formed, 
which cannot escape on account of the viscosity, and hence grad- 
ually raise up the massecuitc until the whole of it, or, at any rate, 
the greater part of the upper portion, becomes frothy. Of course, 
the volume of the mass is increased to the amount of the volume of 
the gas produced, and, as a result, it runs over the tops of the tanks. 
The evolution of gas is greatest while the massecuites are still hot; 
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it diminishes as they cool off, ceases altogether at 60° (140° F.). 
The amount of gas produced varies greatly ; sometimes only a slight 
foamy layer is formed, while in other cases the space occupied by 
the gas amounts to from 50 to 100 per cent, of that occupied by the 
inassccuite itself. 

The gas evolved consists, either entirely or for the greater part, 
of carbon dioxide. The cause of this generation of carbonic acid 
is not fermentation, although it is so named on account of the 
fact that, as far as outer appearance goes, it would seem to be such; 
the fact that the phenomenon is strongest at temperatures above 
80° G. (176° F.) shows very clearly that it is not a fermentation, 
because, at such high temperatures, any micro-organism capable of 
producing fermentation would be either killed oxitright or, at, least., 
show a diminished activity. The real cause is to be sought, ralluM* 
in the c.hcmi(uil dcconiposit-ion of certain organic non-sugars; 
probably they a, re decaunposition products of invert, -sugar, and 
other organi(*. substances of high molecular weight, which g(‘t into 
the juices during working-up of ])Oor beets, particularly thos(‘ wliich 
havi‘ l)e('n frozen or are (h'cayed. Such compounds may not. hav(^ 
])een com])letely decomj)osed in the defecation, on account of 
defecating too cold, or for too short a time. After tlu'sc^ unstabk' 
com])()un<ls have collect, od in the siinips and a.re exposc^l to high 
tempi^ratun^ for a considerable length of time, they Ix'gin to <!('- 
eom])oso, and i)art.iciilarly when the sirups have absorlxMl ()xyg(*n 
from the air during centrifugation. One of the decomposition- 
products is carbonic, acid, while the other ])roduc.ts an', in th(‘ 
main, not volatile, being in fact, for the greater part, non-volatik^ 
organic! a(!ids, whi(!h lattcir diminish the alkalinity of the sirup, 
or (!V(!n give it an acid reaction. If such sirups (!ontain nit.rites, 
as is somet,imcs the case, t,h(! latter will be decomposed by the* 
organic, acids, and nitric oxide will be sot free with the carbon 
dioxide. 1 )ark-(!olored substances arc likewise formed which im- 
part a dark-brown color to the whole of the massecuite, as well 
as to the sugar prepared from it. The formation of foam, further- 
more, is in proportion to the number of times the sirup is boiled, 
and is, therefore, more likely to take place in the manufacture of 
the third product than with the seconds. 
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The sugar-yield in such cases will, as a matter of fact, not be 
greatly affeciied, but the product is dark-colored, of a fine grain,' 
is neutral or acid in reaction, and usually contains invert-sugar, 
so that it does not keep as well and is of loss value; the same 
being true of the molasses produced, which likewise contains invert- 
sugar and is neutral or acid. 

To prevent foam-fermentation, a vigorous treatment of diffuser 
or thin juice with lime in the defecation is to be reconimcuidcd 
and is usually effective. Those sirups showing a tendency this way 
should be boiled under as high a vacuum as possible, at a low 
temperature, and in some cases with the addition of soda. If 
these agents do not hc^lp sufficiently, the above-rneiitioiied treat- 
ment of the sirup with lime will surely be of some use. 

As in the case of the juices, many other purification processes 
have been proposed for sirups in whi(*h chemicals, such as baryta 
or barium salts, hydrosulphurous acid, ozone, or the olo(‘tri(‘. cui* 
rent, etc., arc said to precipitate the non-sugars. No pra(‘ti(*al 
results have yet bcH*n obtained in this way, and, so long as it is 
not j)rovon that by th(*s(‘ agcaits it is possible to (‘rvst.alli/(i sugar 
from an actual mohiss('s, it. may b(i said that t-h(y hav(^ a,l>solut.(‘ly 
no i)ractical signifi(‘aiie(‘. 

Many like to carry the sirups from the firsts, or part of them, 
back to vsome previous stage of process, ])utting it, for example, in 
the diffusion battery, in the raw juice, in the (hdecation, or in the 
thin juice. As a matter of fact, there is an increase in the yicdd of 
^'firsts,’' when the process is conducted in this way, if the yield is 
compared with that obtained when the masseuuiite is not boiled 
with sirup. The carrying-back of the sirups iuto the juices then 
acts favorably upon the boiling, particularly with the juices and 
sirups of high purity, in so far as the duration of the process is 
lengthened, because the mixed juices have a lesser purity. If, for 
example, an amount of sirup of 78® purity, equivalent to 3 per cent, 
of the weight of the beets, is introduced into juice of 94® purity, the 
resulting mixture will then have a purity of 91.5®. Slow boiling in- 
creases the yield of firsts, as we have already seen. This increased 
sugar-yield is obtained in a much more simple manner when the 
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sirups are not introduced into the juices until after the com- 
pletion of a slow boiling of the pure juice in the vacuum-pan. After 
its introduction, the massecuite is boiled again for a considerable 
length of time. This last procedure is always applicable, while the 
former method can be carried out to advantage only when the 
juices are very pure, for otherwise a bad grain results, and the sugar- 
product has essentially poorer properties. It has not been proven 
that there is purification of the sirup by defecation and carbonata- 
tion when it is introduced into the raw juices, although it has been 
frequently claimed that this is the case; in fact, no satisfactory 
explanation can be given why this should be so, for it is not easy 
to see how non-sugars in the sirup can be precipitated or changed 
by a repetition of the defecation when they have already under- 
gone such a treatment in the thin juice under exactly identical 
conditions. 







CHAPTER XXII. 


MOLASSES AND ITS UTILIZATION. 

By molasses is understood, in the practical sense, that final 
product in the manufacture of sugar from which, by maintaining 
all those conditions favorable for a crystallization, no more sugar 
can be obtained. 

The theoretical explanation of the inability of the sugar to 
crystallize out from the molasses lies in the fact that in it the 
sugar remains dissolved in the non-sugars, and, conversely, at 
all concentrations, the non-sugars arc held in solution by the sugars. 

It is, to bo sure, also possible that the cause of a non-crystalli- 
zation may be due to the viscosity being very great. In such 
cases, however, this viscosity Is caused by too great supersaturation 
of the sirup, or by too low temperatures; and it can be avoided 
by a properly-conducted thickening process in the ])an, or ])y the 
use of high temperatures, but in such cases the sirup is not a mo- 
lasses in the sense of the definition given above. 

The lowest purity which has been found in the molasses from a 
beet-sugar factory is 54° to 55° (equivalent to 51° to 52° apparent). 
On an average, where t>he work is conducted carefully, the purity of 
the molasses is from 58° to 60°, while in many factories it is 60° 
or higher. It appears that molasses products of higher purity 
are obtained from the purer sirups. When the purity of the sirup 
is less than 91° to 92°, molasses under 60° is usually obtained, 
particularly when it contains organic lime-salts as a result of a 
vigorous defecation, for the latter diminish the solubility of the 
sugar. Again, the molasses obtained at the beginning of a cam- 
paign, or from the juices first obtained, usually is less pure than 
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that at the end of the campaign. It is evident from this that 
the nature of the non-sugars present plays a not unimportant part 
with reference to the formation of molasses. 

Most of the molasses of commerce is not molasses in the strict 
sense of the word. It may either contain crystallizable sugar, 
because the last crystallization process has been poorly conducted, 
when the removal of sugar from the mother-syrup is incomplete, 
or it may be due to the fact that, during centrifugation, sugar was 
dissolved by use of too much water or steam. 

The composition of a molasses of 60° purity, as ^*t occurs sur- 
rounding the crystals in a completely crystallized niassecuite, as 
far as the water and sugar-content are concerned, has already 
been given. In the condition in which it is thrown off in centrif- 
ugation, when the work has been properly conducted, it contains, 
according to the temperature prevailing at the end of the crystal- 
lization, from 13 to 15 per cent, of water. Such a molasses, 
however, is not marketable, because it is so viscous at ordinary 
temperatures that it can 1)0 neither pumpetl up nor filled into 
barrels. It must, therefore, be dilutecl until the water-content 
corresponds to about IS to 20 per cent., or to a density of (Sl° to 
S3° Brix (43.5°-*! 1,5° Be.), and ordinarily this is done immediately 
after centrifugation by warming it in collecting-tanks by direct 
stcain-iiije(‘.tion. After the molasses has been heated and diluted 
in this way, it can be pumped readily by ordinary sirup-pumps. 
Molasses which has been stored in vats or pits till it assumes the 
ordinary temperatures cannot be handled by ordinary pumps even 
when its density is only 80° Brix (43° Be.) ; in such cases it is 
raised either by means of a chain pump, or by one such as is made 
for pumping massecuitc. 

The molasses leaves the factory in barrels or in tank-wagons. 
It may bo worked up into sugar, made into cattle-fodder, or used 
for the manufacture of alcohol, and for certain other purposes 
which do no not interest us here. 

There were formerly ciuitc a number of different processes used 
obtaining sugar from molasses, of which all those using alcohol 
lolvent, or that were otherwise expensive, disappeared with the 


f . 



MOLASSES AND ITS UTILIZATION. 


247 


dropping of sugar prices. To-day there is, with the exception of 
the strontia method, which is only used in sugar-refineries and not 
at all in beet-root factories, no method of practical importance 
other than those of osmosis and precipitation. 

Osmosis depends upon the fact that the different components 
of the molasses possess a very different diffusion capacity. Since 
not alone the non-sugars, but also the sugar itself, is diffusible, it is 
evident that osmosis can only effect the separation of the molasses 
into a sirup of high purity, and into the so-called osmosiB-water, 
which is a sugar-solution of less purity than the molasses itself. 
The action of osmosis is more or less satisfactory, according to the 
nature of the non-sugars present in the molasses (or rather in the 
low-grade sirup, for molasses itself can be seldom subjected to 
osmosis with advantage). Inasmuch as the salts of the alkalies 
diffuse most readily, it follows that sirups with a high ash can be 
im])roved by osmosis. Consequently the efficiency of osmosis 
(liffc'rs not only in different factories, but in the same factory in 
difh'H'nt years. Some sirups will not give good results even when 
but one osmosis is attempted, while others can be subjected to the 
])rocess twice in succession. Naturally, however, the second time 
will never give as favorable results as the first, for the reason that 
those ])arts of the sirup which diffuse most readily have already 
been removed. 

On the whole, then, it may be said that, on account of the slight 
action at the best, osmosis is only advantageous under particular 
conditions, for example, in countries where the evaporated osmosis- 
water can be sold profitably to the distillery. In Germany, wher- 
ever osmosis is still employed, the simple osmosis apparatus is still 
used; in Austria, on the other hand, this apparatus has been im- 
proved considerably in certain respects. These improvements 
consist chiefly in the following details: The paper surface is made 
as effective as possible; the canals are arranged so that they will 
not become stopped up ; the proper relation between the water and 
the sirup that enters is constantly maintained; the sirup and water 
layers are made as thin as possible; the difference of density 
between the two liquids is kept as great as possible; the tempera- 
tures are maintained high, and the method of discharge is a good 



248 


BEET-SUGAR MANUFACTURE. 


one. Of course, great stress is laid upon the quality of the osmosis- 
paper. 

With regard to the method of using the osmosis apparatus, it 
is so very simple that we need not go into a discussion of it here, 
and its use is now so limited in Germany that it has become a 
matter of little interest. 

The pure sirups obtained by osmosis are boiled down and 
brought to crystallization at a high temperature. The sugar pro- 
duct thus obtained is relatively low in ash, but rich in organic non- 
sugars, so that it is not so marketable as the firsts and brings a lower 
price. * The final molasses produced is also of lesser value and can- 
not be utilized for another desugarizing process, because it gives 
products of low grade and is lacking in those salts which play an 
important part in making the strontia method effective, for ex- 
ample, as well as those useful at the molasses distillery. 

The precipitation process is the best for the recovery of sugar 
from the molasses whenever there is an abundant supply of cold 
water, at a temperature of not over 10° to 12° C. (50° to 54° F.), be- 
cause it is so simple that it does* not cost much to carry it out, and 
yields pure juices with small sugar losses and adapts itself well to 
the regular factory work. 

The lime used in the process must be as pure as possible, con- 
taining but little magnesia. Freshly-burned lime is much more 
effective than that which has been kept for some time. Particular 
stress is laid upon pulverizing and sifting the powder, because less 
lime is used in proportion to the fineness of the powder. For this 
reason, lime that is soft and easily pulverized is especially suitable 
for the process. Brass siewes, Nos. 110 to 120, are used for sifting. 

In carrying out the process, molasses at 14° Brix, and 
sometimes much more dilute than this, is put in mixers and cooled 
down to the temperature of the cold water. It is important 
that the liquid should be violently stirred or kept in motioti 
at this stage, so that the heat will be quickly given up to the 
cooling surfaces, and the powdered lime introduced be mixed 
uniformly with t.hc liquid. The more rapidly this is accomplished 
and the finer the lime powder is, the sooner the lime com- 
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bines with the sugar to form the insoluble sucrate, whereas, if the 
powder balls up and is changed to hydrate, it becomes inactive. 
The greater the amount of lime that becomes inactive in this man- 
ner, the greater the amount of heat produced; and consequently 
the liquid must remain in the cooler for a longer length of time, 
which gives greater chance for the lime to become slaked. 
It is advisable, therefore, to carry out the process rapidly, not only 
in the coolers but later in the presses, on account of the readiness 
with which the precipitated saccharate is decomposed. 

In order to prevent the balling-up of the lime into lumps, it 
has also been proposed to introduce the lime little by little by 
sifting the powder, in the form of a fine dust, over the whole surface 
of the liquid, or by blowing it into the mass with fans. In this 
way a somewhat smaller amount of lime is required. 

In the ordinary method of working, as a rule, about 80 to 120 
parts of lime are used for 100 parts of sugar, or, in other words, 
from two to three times the theoretical amount ne<^essary for the 
formation of the trisucratc of lime, and the (jiiantity increases as 
the water is warmer, the lime coarser, and the extent greater to 
which the removal of the sugar from the final lye is to be carried. 
It is not known what the exact composition of the precipitated 
sucrate is; at all events its properties are different from the tri- 
sucrate formed by boiling lime with sugar-solution. 

The sucrate formed in the cooler must be immediately filtered 
off under slight pressure in filter-presses with large compartments, 
in order that the cake can be washed readily. The washing pro- 
cess is carried out in the same way as in the other filter-i)ress work; 
but particular attention must be paid to the changing of the filter- 
cloths as soon as they begin to harden, and the wash-water must 
be as cold as possible. If the amount of wash-water is kept pro- 
portionally small, the sugar-losses in the lye will be diminished, 
because all the wash-waters, together with some of the original 
mother-lye, may be used for diluting the molasses. 

All experiments with the object of working with concentrated 
molasses, so as to obtain small amounts of concentrated lyes which 
can be evaporated to advantage and worked up for the potash 
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salts, have miscarried : either an impure sucrate, hard to wash, is 
obtained, or there is a poor sugar-yield. 

The older method of precipitating a part of the sugar contained 
in the first lye, by heating it, is only used where it is considered 
advisable to obtain a charcoal by evaporating and calcining this 
lye, for in such cases there must be precipitation of the lime. 
Usually this first lye, which amounts to 80 to 100 per cent, of the 
molasses, is thrown away, or utilized as fertilizer. 

Working the sucrate into the regular process is best accom- 
plished after it has been partially decomposed. If the sucrate, 
when discharged from the presses, is carried by means of a screw- 
conveyor to a vessel provided with stirrer and there mixed with 
thin juice, it decomposes into the monosucrate and calcium hydrate. 
The mixture acts very energetically in the defecation process 
directly upon the diffuser-juice, and there is no danger of forming, 
even at temperatures above 70® C. (158® F.), the practically in- 
soluble trisucrate, which is decomposed with difiRculty by carbonic 
acid, and would render the scums rich in sugar. This insoluble 
trisucrate, that is formed at high temperatures only, results when 
the precipitated sucrate is added to the hot, raw juice in the form 
of a thick and cold paste. 

Beet-sugar factories which only work up their own molasses 
are accustomed to add with the sucrate from 2 to 2-i per cent, of 
lime to the beet-juices, or exactly as much as is usually used for 
defecation. When it is, however, considered advantageous to 
buy molasses and remove the sugar, this amount of sucrate would 
give too much lime for defecation, and the carbonatation would 
be unnecessarily burdened. In such cases it is advisable to mix 
the excess of trisucrate with considerable thin juice, and to then 
filter off the precipitated calcium hydrate, which can be done with- 
out difficulty, in filter-presses. After sweetening off, this calcium 
hydrate may be added to the dilute molasses in which it dissolves 
with the formation of the monosucrate, and hence caustic lime 
will be saved. 

Although this precipitation process is a desirable one for the 
Tecovery of sugar from molasses apart from working-up of beets^^ 
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on account of the ready decomposition of the sucrate, yet the chief 
advantages are obtained only when it is carried out in connection 
with the beet-work, because these sucrates furnish without addi- 
tional expense the requisite amount of lime for a good defecation, 
while the other expenses of operation, where this mutual advantage 
is gained, are very slight. 

While the sugar-liquors recovered from the sucrate usually 
have a purity of 90® to 94®, which is at least as high as that of 
the beet-juicc, it is nevertheless true that these juices are less 
readily crystallizable than those obtained directly from the pure 
beets. For this reason it is a fact that the yield of firsts from 
massecuites is, with equal purity, always greater in those cases 
where the pure beet-juice is worked up than when it has been 
mixed witli sucrate. It appears as if this lack of tendency to 
crystallize is caused by the presem^e of certain injurious non- 
sugars, and in particular certain lime-salts, whicli arc not removed 
by defecation, but remain in the su(Tates and arc constantly carried 
back to the ])cct-jui(^c. Conseciuently the amount of tluvse sub- 
stances steadily increases (es])ecially the raflinoso, which is ])n'- 
cipitated by the lime), so that its action U])on the crystallization 
tends to increase from year to year. It is, thert^fore, absolut,(‘ly 
necessary that once in a while the residual molasses shall be 
thrown out altogether, say, perhaps, every two or throe years, 
depending on the quality of the beets. 

If these precautions are taken, the diminution in the yield of 
firsts, as well as the injury to the quality of the sugar, is kept 
within certain limits; although it is unquestionable that this 
change in the nature of the product is disadvantageous for refining. 
This method of purifying the molasses is successful only as long 
as the raw sugar obtained is not valued at a price lower than that 
brought by pure raw sugar. 

Electrolytic processes have been recommended for extracting 
sugar from molasses as well as from juice, employing dialysis 
through a membrane. These processes have considerable in- 
terest, as they attempt to recover not only large amounts of 
sugar but non-sugars as well, and it is in the latter that the profit 
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is looked for. A membrane impermeable to sugar and a peculiar 
mercury cathode are used. The alkali metals set free by the 
electric current at the cathode dissolve in the mercury which is 
being continually removed from the cathode space. In the upper 
half of the apparatus, the amalgams of the alkali metals are 
decomposed by water, the mercury constantly flowing back to 
the cathode. Acids pass through the membrane to an iron 
anode where they form iron salts which all the time are l)eing 
converted to lime salts by added lime, and separate out as the 
solution concentrates. 

The purity of the molasses only rises to 75, so that only a small 
amount of sugar of little value is recovered. Whether there is 
sufldcient profit in the by-products to make the process pay is 
very doubtful. 

The Use of Molasses as Fodder. — The food-value of molasses 
depends for the most part upon the sugar-content, and also to some 
extent upon action of salts upon digestion. It is, therefore, 
not only an easily-digested food, but also a condiment, ox(dting 
the appetite of the animal, and causing it to eat and digest forms 
of fodder it would not care for without the molasses. 

Since the great viscosity of molasses in the cold condition 
diminishes its value as a fodder, particularly when used on small 
farms on which necessary arrangements for warming and diluting 
are wanting, it is usually preferable to mix it with turf-meal, or other 
fodder which will absorb the molasses. Such a mixture forms a 
dry and more or less brittle mass which can easily be broken up 
into small pieces. 

The mixture is usually prepared at the sugar-factory by means 
of suitable machines for mixing the absorbent material with the 
hot molasses. The temperature of the molasses should not, as 
a rule, exceed 80° C. (176° F.), because otherwise the fodder cools 
down too slowly, and frec^uently there is an after-heating if the 
mixture is stored in heaps. When the molasses is mixed with 
malt-germs, or any similar substance which turns brown on heat- 
ing or has an acid reaction, the temperature should be kept below 
80° C. 
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When the fodder has thus been mixed, it must be completely 
cooled in flat heaps before it can be placed in bags or in larger 
heaps. It is best to use the fodder as soon as possible after its 
preparation, for it has a tendency to spoil on keeping. A moist 
molasses-fodder spoils readily, and is then injurious to the animal. 
The molasses should not be heated by introduction of live steam, 
but by closed coils, if it has already been diluted to 80® Brix, A 
fodder prepared by using a molasses of, say, 78® Brix, does not 
keep so well and separates readily from the mixture, particularly 
in summer. 



CHAPTER XXIII. 


THE BOILER-HOUSE. 

This is not the place for going into a detailed discussion of the 
economy and technique of the boiler-house and the firing, but only 
those points will be brought out which are peculiar to the conduct 
of the boiler-house of a sugar-factory. First of all, it must be 
emphasized, however, that, if there is to be economy observed in 
the use of fuel, there must be a good system of boilers, properly- 
arranged grates with good firing, and the l.)oiler-house must bo in 
constant touch with the factory work. As it is alw^ays diflicult 
to obtain good firemen for the short working period of a beet-sugar 
factory, mechanical stokers have been introduced to a considerable 
extent, which permit the utilization of less expensive forms of fuel. 
Connected with these artificial stoking arrangements there should 
be an apparatus for mechanical transportation of the fuel. The work 
necessary in superintending the operation of this machinery must 
be carefully done, such as, for example, weighing the fuel, measur- 
ing the feed-water, examining the flue-gases by taking special 
samples, or sampling by a mechanical device; controlling the steam- 
pressure by recording manometers, measuring the temperature 
of the boiler feed-water and of the flue-gases by self-recording 
thermometers, and controlling the draft by measuring it at the 
boilers and in the chimney. 

Since beet-sugar factories require their fuel just at a time when 
other users are in great need of coal and the business of the rail- 
roads is very much rushed, it is necessary to arrange a large 
part of the coal supply for summer delivery. In the case of 
lignite coals such early delivery should be avoided as far as pos- 

254 



THE BOILER-HOUSE. 


255 


sible. They keep well only when piled in a compact mass which 
is not feasible if the delivery is not practically all at once. Even 
many other kinds of coal lose in value when not stored carefully 
in appropriate manner. They become heated by oxidation of 
iron pyrite and hydrocarbon constituents and often become 
ignited. To prevent licating, it has been recommended to drench 
the coal with plenty of water, if its temperature rises above 50° 
(122° F.). Air cooling is not recommended, as the air circulation 
will be greatest where the coal is hottest.* The surest means of 
quenching already ignited coal is by means of carbon dioxide. 
Coal storage under cover is very desirable but expensive. In all 
cases of prolonged storing of coal it is necessary to keep constant 
watch of its temperature as observed from thermometers inserted 
in the heaps, so that timely precautions can be taken should a 
steady rise in tempera' un^ be shown. 

The particular conditions prevailing in the boiler-houses 
of a sugar-factory are partly favorable and partly unfavorable. 
It is very advantageous to have a supply of pure and hot feed- 
water, which is furnished by the distilled water from thc^ ('vap- 
oratiiig-pans. The temperature of this water is determined by the 
pressure under which the steam is condensed. The hottest water 
comes from the heating-chambers of the juice-heaters and the first 
member of the multiple effect, and has a temperature of from 1 10° 
to 120° (230° to 248° F.). In some factories this hot water is 
collected under pressure in (dosed retainers, and is pumped sepa- 
rately from the other water into the boilers, so that it still has a 
temperature of something over 100° (212° F.) when it enters 
the boilers. Since, however, this very hot water is insufficient in 
quantity, and it is necessary to utilize the condensed steam from 
the other apparatus, which have a temperature of less than 

* This is not in accord with American practice. Coal hero is kept as 
dry as possible, moist coal being considered a greater fire risk. The 
practice of the large coal companies here is to dig out the hot coal and 
expose it to the air by moving the heap. Small steel flasks of liquid 
carbonic acid which are closed with fusible plugs are sometimes placed 
in the heaps. — Translators. 
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100° (212° F.), it is evident that all of the feed-water may be 
collected together in the same vessel to advantage. In this way 
the hottest water becomes mixed with the coldest, and the 
temperature of the mixture is in the neighborhood of 100° C. 
If the condensed vapor from the sirup effects, which have temper- 
atures around 75°~S0° (167°“176° F.), is only used in exceptional 
cases for feeding the boilers, but is ordinarily utilized for other 
purposes in the factory, then the temperature of the feed-water 
should not sink below 90°-95° (194°~203° F.). The pumps 
required for feeding the boilers work without any trouble with 
the hot water if they are provided with check-valves on the 
suction-pipe, and if the water runs to the pumps. 

This hot water of condensation may frequently contain sub- 
stances which will act injuriously upon the boilers, such as, for 
example, sugar and oil. The ammonia contained in the condensed 
water, on the other hand, exerts no injurious effect, but is helpful, 
if anything, as an alkali. 

Injuries to the boilers caused by sugar may bo of two kinds, 
namely, either of a chemical or of a mechanical nature. Which 
influence makes itself most felt depends upon the amount of 
sugar reaching the boilers. If only extremely small quantities of 
sugar are fed into the boilers little by little, then the sugar becomes 
decomposed more or less quickly, according to the temperature of 
the water in the boiler, and acids of different compositions are 
formed without precipitation of perceptible amounts of solid 
decomposition products. If large amounts of sugar enter a boiler 
at any time, the sugar becomes burned at the hottest portions of 
the tubes; and in this way a layer of porous charcoal is formed 
whose thickness increases so rapidly that the metal under it 
becomes overheated, and, on account of the pressure exerted 
from within, bulges out. Such action may be produced by a 
layer of but a few millimeters in thickness. 

This sort of injury to the boiler by the introduction of water 
containing sugar is by all means the most serious that can take 
place, because it is effected very rapidly, and within a few hours 
after any large amount of sugar has passed into the boiler. There 
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is no remedy for this, other than to shut down the whole boiler- 
house immediately, or to cut out that boiler containing the sugar 
and blow off the boiler-water. There should be no hesitation in 
such cases to resort to extreme measures; for the troubles in the 
other parts of the factory, which may result from shutting-off of 
the steam, are by no means so serious as the harm which may bo 
done by bulging the boiler sheets during the campaign. The 
higher the steam-pressure within the boilers, the more rapid 
is the decomposition of any sugar present; consequently, in the 
the case of boilers with high steam-pressure, particular attention 
to this detail is required. If the bulges are not too deep, and the 
boiler-plate is of good material, it is often possible to force back 
the swelling, and in a short time make the boiler in good condition 
again. In all cases this inexpensive method of getting over the 
difficulty should always be tried before going to the tedious and 
troiil)lesome work of changing tubes or plates. 

If the given precautions are taken with respect to jui(‘c- 
Icaks in the evaporating-plant, and if the condensed water of 
the preheaters, in which the vapor-pressure is greater in the 
juice-space than in the steam-chambers, and that from the 
vacuum-pans, be not taken for the boiler-feed, one can feel 
fairly certain that, in the ordinary conduct of the work, no 
large amount of sugar will get into the boilers. The state of 
affairs is quite different when there are troubles in evapora- 
tion or vacuum-pan plant, and the vacuum off the apparatus 
so that the pressure in the juice-chamber is equal to that in 
the heating-space. Then, if there is a leaky pipe or a steam-coil, 
it is easily possible for large amounts of sugar to got into the steam- 
space and thence into the boiler feed-water. (\)nsequcntly, when 
there is any such trouble in the factory, the feed-water should be 
immediately examined to see if it contains sugar, first of all by 
tasting it, then by a laboratory test. In case an appreciable quan- 
tity of sugar is found, it is unsuitable for the boilers, and fresh 
water must be used in its place. 

The second kind of injury that may be produced by the sugar 
is of a' chemical nature, and the nature of this is a corrosion brought 



258 


BEET-SUGAR MANUFACTURE. 


about by the action of the acids produced in the decomposition 
of the sugar upon the boiler-plate. The nature and extent of the 
corrosion depends, in the first place, upon the amount of sugar 
in the boiler, then upon the steam-pressure, or, what is the same 
thing, the temperature, and, finally, upon the duration of the 
action. The higher the temperature of the water in the boiler, 
the more rapid will be the conversion of sugar into these acids. 
Whereas, in boilers used merely for boiling purposes in which the 
temperature as a rule does not exceed two atmospheres (30 lbs.), 
the sugar is only slowly decomposed, in those boilers with high- 
pressure steam of, say, six atmospheres (90 lbs. = 164® C. or 327® 
F.), it takes place very rapidly, as the acids formed by the decom- 
position act energetically upon the iron at these high tempera- 
tures and corrosion is rapid and considerable. 

It is absolutely impossible to prevent the introduction of small 
quantities of sugar into the boilers during the progress of the work. 
In order to prevent these injuries, the boiler feed-water must be 
made alkaline by addition of soda, and this alkalinity must be regu- 
larly tested at every water-cock and in each boiler. This alkalinity 
should not be made too high, as in that case the boiler-water foams 
too much; as a rule, an alkalinity is desirable such that 100 c.c. 
of the boiler-water, when titrated with rosolic acid as indicator, 
will require 10 c.c. of tenth-normal acid to neutralize it. If sud- 
denly the alkalinity is found to be greatly diminished, it is a sign 
that sugar has gone into the boiler, and in fact the amount of 
sugar can be calculated by the diminution in alkalinity; 0.0114 
gram of sugar will produce enough acid to neutralize 1 c.c. of 
tenth-normal alkali, or two kilograms of sugar are equivalent to 
approximately one kilogram of sodium carbonate (soda). 

It is absolutely necessary to examine the water in every water- 
cock of each boiler, for it is easily possible that one boiler may 
contain more sugar than another boiler, because of the fact that 
it has just been fed with water containing sugar. Furthermore, 
an immediate examination of the water in all of the boilers is 
necessary when the well-known odor of decomposed sugar is per- 
ceptible in the steam, or if there is a noticeable increase of color 
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in the boiler-water and it begins to foam strongly. A dark colora- 
tion of the boiler-water is of itself not harmful as long as the water 
reacts alkaline. 

A certain amount of protection against the actiop. of the sugar 
is afforded by a mineral layer upon the boiler-plates. There is 
always slight scale, on account of the fact that, at the beginning 
of the campaign as well as on Sundays, the boilers must be fed 
with spring-water, and the salts contained in it are gradually 
deposited upon the boiler-plates. This scale is, however, not to- 
be relied upon, as frequently the deposits become loosened and 
drop off. 

Rules for preventing injury to boilers by sugar may be 

summarized as follows : 

1. Use condensed water from the evaporators only for fcH'd- 
ing boilers; and examine for sugar before it is used, not only 
at the beginning, but always when the vacuum in the evaporators 
is abnormal through any trouble in the factory. 

2. Maintain a definite alkalinity of the boiler-water by adding 
soda to tlu^ fcKul, and regularly examine the water in each boiler 
for alkalinity. 

3. Cut out at once any boiler in which, in spite of the pre- 
caution above mentioned (2), tne boiler-water suddenly shows an 
acid reaction, or if it becomes dark-colored and foams badly. 

4. Immediately examine the boiler-water as soon as the well- 
known odor of decomposed sugar is perce])tiblc, or when the in- 
dicator glasses in the side of the boiler show that the water is 
becoming dark-colored. 

5. The boilers should be fed at the beginning of the campaign 
with spring-water, so that a protecting layer of mineral deposit 
will be formed upon the boiler-plates. 

6. Condensed water should not be used for feeding the boilers 
at the beginning of the campaign, xmtil it’ has become perfectly 
clear and colorless. 

The water obtained from the condensation of the engine-exhaust 
contains some of the oil which was used for lubricating the steam- 
cylinders. Since vegetable or animal oils or fats would be saponified 
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by the hot water in the boilers into free fatty acids, and the latter 
would attack the iron, it follows that oils of this character should 
not be used. This causes no trouble, because it is possible to 
obtain suitable mineral oils which are composed of pure hydro- 
carbons and cannot form acids. Even oils of the latter type, 
however, can cause harm if they enter the boilers in large amounts, 
because they store up heat and thus make steaming more difri(*ult, 
and tend to form tough lumps with the loose scums that are present 
in almost every boiler-water. These lumps tend to deposit on the 
heating-tubes and prevent the heat-transference to the water, 
so that the plates may be overheated. 

Such troubles can be prevented best by an apparatus for 
removing oil placed in the exhaust-steam pipes before they rcacdi 
the evaporating-pans, which serves to remove the greater part 
of the oil; in this way any injurious action of the oil in (causing 
overheating of the boiler-plates is prevented. Filters arranged 
.so as to filter off the oil from the water have not proved prac^tical. 
A part of the oil may also be removed by collecting the boiler 
feed-water in tanks provided with an overflow. The finely-divided 
oil in the water then has time to collect to a considerable extent 
upon the surface of the water and there overflow. It is self- 
evident that it is desirable not to use too great an amount of oil 
in lubricating the cylinders, as an excess tends to increase the 
amount that is carried over into the condensed water. 

The oily scum has an unpleasant action in still another respect. 
Before it settles to the bottom it floats in the form of a loose mass, 
and often stops up the water gauges. This difficulty may bo 
overcome by placing a bent piece of sheet-metal inside on the 
front head of the boiler, extending perpendicularly in front of 
the water-gauge supports, dipping into the water down to the 
heating-tubes and nearly reaching up to the top of the boiler. 
In this way a place is formed where the water is relatively quiet, 
so that any scum which might enter from underneath must again 
sink to the bottom, while at the top there is no danger of any 
scum getting in, even when the contents of the boiler foam badly. 

The escaping gases of combustion have usually a temperature 
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of 200°-300° (390®-570° F.), but often owing to the forcing of the 
boiler as high as 400® (750® F.). The temperature is always lower 
at the beginning of the campaign than at the close, as it is in- 
creased by the poorer heat transference* due to scale in the boilers 
and rust on the tubes. This large amount of heat can be utilized 
by placing a feed-water heater in the main flue, which reduces it to 
110®-150® (2S4®-302° F.), or by a tubular superheater. Feed- 
water heaters have often proved their utility, but placing them in 
the main flue has now been given up, since at that point the heat 
is too low, too much heating surface being necessary. Super- 
heaters are now nearly always built where the temperature of the 
gases is about 500® (930° F.) , or directly behind the boiler-tubes. 

In some boiler-houses boilers using high-pressure steam are 
placed beside others of lower pressure, the former furnishing 
steam for the engines with a pressure of six to eight atmosplicres 
(90-120 lbs. steam-pressure), and the latter steam for evaporating 
purposes with a pressure of only two or three atm()si)hcres 
(30-45 lbs.). This boiler division originated because newer 
boilers are constructed for higher pressures than the older ones 
and when it is desirable to still utilize the latter there is no ob- 
jection to the arrangement. If, on the other hand, it is believed 
that the work is more advantageously conducted when this is 
done the idea is erroneous. With a definite amount of coal nearly 
as much steam at six atmospheres^ pressure is produced under 
the same conditions as at three atmospheres, for although the 
difference in temperature between the heating-gases and the (‘on- 
tents of the boiler is about twenty degrees less in the former 
case, yet the amount of heat taken up is not much greater, becjause 
the transmission-coefficient increases at the higher temperature. 
The amount of heat lost by being carried away by the flue-gases is, 
therefore, about the same in both cases. Furthermore, steam at 
six atmospheres can be changed into a pressure of three atmos- 
pheres by means of a reclucing-valvo without the loss of any heat. 
It is evident, therefore, that there is no particular advantage to be 
gained by dividing boilers into two systems, and it certainly 
has disadvantages, particularly because it requires more attention. 
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A battery of boilers of which all are at the same pressure can be 
fired to much better advantage than when there are two series of 
boilers, one at a higher steam-pressure than the other. The de- 
mands of one are quite different from those of the other, and it is 
much harder to run boilers of a divided battery economically and 
fire them properly. If the irregularities in the use of steam in the 
factory are distributed throughout the whole boiler system, or, in 
other words, upon practically three times as many boilers than 
when two systems are used, then the firing need be only slightly 
increased or diminished to meet the new conditions, and it is done 
uniformly. In a separated system of boilers a double system of 
steam-piping is necessary, and the cooling-losses are greater than 
when one pipe of large dimensions is used. 

Particular attention must be paid to the boilers after the cam- 
paign is over. As the boilers are used only two or three months 
in the year, and the remaining time are cold, they are likely to 
suffer in common with all other iron parts in the factory by cor- 
roding badly, unless particular precautions are taken. The best 
means of preventing the formation of rust, both on the inside and 
outside of the boilers, and particularly in the flues, is to thor- 
oughly clean and dry them. The flues must be thoroughly 
freed from flue-ashes and soot, the scale on the inside of the boiler 
removed, and Anally all the boiler and masonry must be thoroughly 
dried by small Are. It is not advisable to cover the boiler with any 
rust preventative; sometimes it is recommended to cover the inside 
with tar, but it is very doubtful whether this does much good, and 
there is danger to workmen, as the hot tar readily evolves com- 
bustible gases. Similar care should be given to the superheaters 
and feed-water heaters, after the campaign, as to the boilers. 



CHAPTER XXIV. 


THE LIME-KILNS. 

Of the different t3T)es of Ume-kilns two have proved most 
suitable for the sugar factory: the so-called Belgian kiln, which is 
heated solely by means of the coke which is thrown into the kiln 
from the top together with the limestone, and the kiln with re- 
generator firing , in which the heating is wholly or in part produced 
by means of an exterior hearth. In general it may be said that 
less fuel is required by the Belgian kiln; since, however, it is 
necessary to use good coke with as low ash as possible, while the 
other type permits the use of a cheaper grade of fuel, there is prac- 
tically no difference in the expense of operating. 

A good lime-kiln, or -burner, when worked ]')ro])erly, slmuld yield 
well-burned lime and a saturation-gas rich in carbonic-acid gas 
(carbon dioxide). 

Choice of limestone is by no means a matter of minor inqiort- 
ance to the industry, although its suitability cannot be determined 
in many cases by chemical analysis alone, be(\ausc usually the ana- 
lytical results do not show whether it will be diffic.ult or easy to con- 
vert the limestone into lime, or whether the im])urities will exert 
a harmful influence. This is determined more readily by the outer 
appearance and structure of the limestone, and the injurious effect 
of impurities does not so much depend upon the amount present 
as upon the way they are distributed throughout the mineral. At 
the same time it is safe to assume that a limestone in which the 
chemical analysis shows the presence of considerable quantities of 
foreign constituents is less suitable, and whenever possible it should 
be replaced by a purer variety. These impurities are capable 
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not only of contaminating the juices in defecation, but they 
may cause trouble in the lime-kilns. The i)resenco of silicic acid 
has the effec^t of strongly lessening the slaking power of the lime; 
in some cases as little as six ])Gr cent, of silica will cause the lime 
to b(HH)nio dead burned” in a short time, so that it will not slake 
(iui<^kly with evolution of heat. Alumina, iron, and manganese of 
themselves do not exert any harmful influence, but when iron 
is present, together with alumina and silicic acid, it favors the de- 
composition of any clay, and there is a tendency towards “dead 
btirning.” The presence of sulphur either in the limestone or in 
the fuel is always harmful, because it causes formation of gypsum 
(calcium sulphate), and the latter acts injuriously upon the lime. 
Alkalies, which arc usually present only to an inappreciable amount., 
can cause harm if they exist to any extent in certain parts of the 
limestone, for they aid the decomposition of other constitiu'iits by 
acting as a flux. Naturally, the action of all these impurities doj)cnds 
upon the duration of the lime-burning and the temperature as 
well as upon the structure of the limestone. 

Burning of limestone accomplisjies dissociation of calcium (car- 
bonate into calcium oxide and carbon dioxide (or carbonic-accid 
gas), and, like all such dissociation phenomena, it depends upon 
the temperature and pr(}ssure of the gas. At a temperature of 
about 800° G. (or 1475° h\) there is already slight dissociation, 
but it becomes appreciable only when 900° C. (1()50° F.) is 
rcac.hed. At temperatures below this dcc.omposition ])oiut, whi<ch 
is a dull-re<i heat, the burned lime has a strong tendenecy to 
absorb (carbon dioxide, although, as is w(dl known, it does not. do 
this at ordhuiry t(cm])eraturcs when exposed to dry (carbon dioxide^, 
h'or this rcciison it follows tliat the (carbon dioxide set frcce must 
be remov(cd as fast as ])ossible from the kiln. The tcuidemw for 
any chemucal roacct.iou to take phuce (completely is always greater 
when one of the prothucts of the deccomposition is remov(xl 

For practiical working of lime-kilns it is always suflicciont to 
heat the limestone for a few ho\irs at a temperature somewhat 
over 1()()()° C. (1850° F.). The highest temperatures that should 
be attained in the burning are between 1200° and 1300° C. (2200° 
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to 2375® F.). This is sufficiently high to completely convert large 
pieces of limestone into lime. Higher temperatures should be 
avoided, particularly for any long period of time. Even perfectly 
pure calcium carbonate, when decomposed by five or six hours' 
heating at temperatures of about 1600® C. (2900® F.), becomes 
converted into a condition such that it does not slake with water 
until it has stood in contact with it for about one day, being prac- 
tically dead burned. If it contains small amounts of silicic acid 
the same effect occurs at lower temperatures and in shorter time. 

The size of the burner, or kiln, depends upon the amount of 
lime which it is desired to produce in 24 hours. When it is cheaper 
to buy the lime than to make it, only an amount sufficient to 
yield the necessary quantity of carbon-dioxide gas should be 
burned. Since for burning 100 parts of limestone about 10 or 
12 parts of fuel arc required (coke or coal), and there is about 
the same weight of carbon in 12 parts of coke as in 100 of lime- 
stone, it follows that about half of the carbon dioxide comes from 
the coal and the remainder from the limestone. If, then, the gas 
from the kiln contains twice as much carbonic acid as was originally 
present in the limestone, and say two-thirds of the gas that is 
passed into the juices during carbonatation is actually utilized, 
it follows that the carbonic acid produced by the kiln will 
saturate, or carbonatate, about one-third as much more lime 
as is produced by the kiln. This additional amount of lime can 
be purchased. 

The size of a lime-kiln is also regulated by the capacity of the 
gas-pump. The more rapidly the gas is removed from the kiln 
the quicker is the conversion of limestone into lime and the 
higher the layer which reac^hes the maximum temperature of about 
1200® C., and, in fact, this maximum temperature is higher for 
the same reason. The greater the activity of the kiln the greater 
the yield of both lime and carbonic acid, while the consumption 
of fuel is relatively less. The zone of maximum temperature is 
larger when the burner is taller with correspondingly smaller diam- 
eter. The kiln should be not less than 30 feet high, and the diameter 
may be calculated with regard to the amoxmt of lime that it is 
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desired to produce. It is obvious that the zone of dc(!omj)o.sitioix 
should be so placed that the hot gases drawn off will bo Hxffliciently 
cooled by their passing through the limestone above it, and, at 
the same time, this upper layer will receive the proper amount of 
pre-heating. Particular attention must be paid to this point in the 
case of the Belgian kiln, in which the dccomposit,ion-zoiu* some- 
times is too high and often too low. In the same way it is neces- 
sary that the cooling-zone below should be deep enough to hav<» 
the lime cooled down sufficiently at the time of its removal from 
the kiln. 

The jacket, or masonry surrounding the kiln, slioidd Ix' air- 
tight and the observation-holes, through which pok<^rs may be 
introduced to remove lumps of lime from the side of the kiln, must 
also close tightly, so that the outer air cannot enter, ami it. is e(jually 
desirable to prevent much of the carbonic acid from (‘scaping 
into the air. 

It is well, though not absolutely necessary, to break up the. 
limestone into small pieces of uniform size. If the kiln is working 
with considerable activity this breaking up of mat.('rial can be 
omitted, particularly if labor is high. Under no circumst.anc<'s 
should the limestone waste be thrown into the kiln, Ix'cause lht‘ 
latter, particularly when the kiln is not very large in diameter, 
is likely to cause the contents of the kiln to settle int.o a compafd, 
mass, so that the kiln will not draw well. The <(ok(( t hat, is put, 
in with the limestone should be well broken up, so that, it will be 
actually consumed in the decomposition-zone and not, part.Iy in 
the cooling-zone. 

Withdrawal of lime from the kiln should be at not too long 
intervals, preferably once every four hours. Thereby tlui con- 
tents of the kiln are more frequently sot in motion and the lime 
does not remain too long in the decomposition-zone, so that there 
is less danger of its becoming “dead." It is very satisfmitory 
to remove the lime continuously by means of a mechanical device 
similar to that used in the bonechar-bumers. The sticking of 
lime to the lining of the kiln is usually caused by the formation 
of slag. The limestone forms an irregular arch over these places, 
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which must be broken up by long pokers introduced through the 
observation-holes. Sometimes the pieces of rock. are so firmly 
united that it requires several hours’ labor to bring the kiln back 
to a satisfactory condition. 

Immediately after the lime has been withdrawn at the bottom, 
the kiln must bo fed at the top. This refilling of the kiln must 
take place as quickly as possible, because during this time the 
gas becomes mixed with more or less air which is sucked in, and 
in this way the carbonatation takes place more slowly when such 
gas is used. The limestone and coke should be reduced to a uni- 
form size. Mechanical contrivances are very advantageous for 
charging kilns with limestone and coke and for continuous removal 
of lime, as they save labor and make the working of the kiln more 
uniform, likewise relieving the workmen of the heat and dust. 

Special attention should be paid to the manner of charging 
kilns. The kiln is first dried out for several days by a slow wood 
fire. In the ])reliininary firing, the space next the fire can be 
filled with limestone alone, this being mixed with (‘oko higher up. 
Preliminary firing is started slowly and pushed only after the 
masonry is warmed suniciently. After 2 1 hours, you can begin 
to take the lower layers of stone out, and after 4S hours, good lime 
can be drawn if the pum])s work well. 

In the Belgian oven a base of limestone is first built up to the 
discharge openings and shavings or brush and wood cho])ped fine 
thrown over this to a depth of from three to six feet, and then a 
layer of coke. Above this is started the regular charge of lime- 
stone and coke in proper proportion: (10-12 : 1). It is advisable 
to use somewhat more coke for the lower layers and at first not to 
fill the kiln entirely full. Aft.er the wood is kindled and the fire 
come up so that the limestone is red hot, the gas pump is started 
and the kiln wholly filled. The drawings are now begun, at first 
somewhat less than the usual size, and working thus in two days 
after firing well burnt lime and a rich saturation gas arc obtained. 

The carbonic-acid gas from the kiln contains the gases of com- 
bustion and the carbonic acid from the decomposition of the lime- 
stone mixed with more or less soot from the fuel. The gas on 
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leaving the kiln has a temperature depending upon the height of 
the kiln, but this temperature should never rise so high that the 
exit-pipes become red hot. Before the gas can be used for car- 
bonatation purposes it must be cooled and freed from objectionable 
impurities. For this purpose a mechanical purification by means 
of a washer Laveure ”) is sufficient, for the gases other than 
carbonic acid that are present, such as oxygen, carbon monoxide, 
nitrogen, and sulphurous acid, do not exert any unfavorable action 
upon the juices; sulphurous acid, in fact, has an action very 
similar to the carbonic acid itself. Such constituents of the gas, 
.therefore, need not be removed. When there is not enough air 
introduced into the kiln there is more or less sulphuretted hydrogen 
formed which has an objectionable effect upon the juice; the 
formation of this gas, however, may be entirely prevented if the 
proper attention is paid to the kiln during the lime-burning by not 
allowing the reducing-zone to become too large and not letting the 
coke that is thrown pile up. Hence there is no particular need to 
attempt to remove sulphuretted hydrogen. 

The gas-washers serve not only to cool the gas but to free it 
from cinders, and the distillation 'products of the coal. They 
consist of cylindrical reservoirs made of iron, wood, or cement. 
Since the iron is often strongly attacked when there is an insuf- 
ficient amount of water in the washer, wooden or cement vessels are 
usually preferred. Washing is best effected when it is conducted 
on the principle of counter-currents, by allowing the water to cir- 
culate in the opposite direction to the gas which enters at the top 
of the washer, and by using a suitable distributing material such 
as coke. Water should always be allowed to settle at the lower 
part of the tank by placing the overflow about sixteen inches 
above the bottom, so that the hot gases on entering the washer at 
the bottom first pass through this layer of still water. As water 
absorbs carbonic acid the amount used for washing should be 
kept as small as possible; the inflow of water is regulated so that 
it will always run off hot at the overflow to gain a further advantage 
that hot water absorbs much less gas than does cold water. Even 
then the gases are well cooled, because they always come in contact 



THE LIME-KILNS. 


269 


with the cold water in the upper portions of the washer. When 
the gases are well cooled the gas-pump becomes more efficient, 
because the cooler the gas the smaller its volume. 

The efficiency of the gas-pump is also increased by making 
the friction in the washer and in the piping as small as possible. 
The suction-pipes, particularly the one that carries hot gases from 
the lime-kiln to the washer, should, therefore, be large in diameter, 
and, also, when the gases reach the water they should not be obliged 
to overcome the pressure of a very high column of water. The 
total reduction of gas-pressure in the piping before the pump 
is reached should not be more than that corresponding to a 
column of water three feet high. In order to control this reduc- 
tion of pressure it is advisable to insert in the piping in front 
and behind each washer, as well as at the ijunip its(df, vertical 
glass tubes which dip into water at the bottom. These tubes show 
the vacuum at the different places, and in this way the loss in 
pressure at the different i)ipes and in the washer can be detorniinod 
readily. If the water oscillates up and down in the tubes to any 
considerable extent it indicates irregular washing. In order to 
prevent any of the water which has been (‘arried along from the 
washer from getting into the pump it is well to place a water-trap 
in the piping. It is not feasible to pump hot or dry gases owing to 
the excessive lubrication of th(^ purnp-cylindcrs necessary. The 
trace of duftt which remains in tlie gas evem after washing forms 
a greasy substance with oil which hanhms after a wliile and inter- 
feres with the working of th(' pump, and makes other troubles. 
Hence, the gas is best pumped moist, or is nioistencMl in th(^ pump- 
cylinder by water which also serves as a lubricant; so oil is not 
necd(‘cl. 

Saturation or carbonatation gas is richer in carbonic acid when 
limestone is burned with a smtill amount of fuel and with but a 
slight excess of air. In the xnost favorable conditions, when the 
limestone has been completely burned with 10 per cent, of coke, 
it is possible to draw off from the kiln a gas containing 37 per 
cent, by volume of carbonic acid, while with a consumption of 
12 per cent, of coke, and under otherwise perfectly similar con- 
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ditions, the gas will only contain 35 per cent of carbonic acid. 
In many lime-kilns the gases contain from 30 to 35 per cent of 
carbomc acid, but this percentage fluctuates because the production 
of the gas is, of course, greater shortly after the charging of a kiln 
than it is later As a rule when the gas contains from 25 to 30 per 
cent of caibonic-acid gas it is considered satisfactory, and this is 
usuall}!' obtained with generator-burners In fact, many people 
hold that the caibonatation requires more time when the gas con- 
tains more than 25 to 30 per cent If this is known to be the case 
from practical experience (although it is scarcely probable theo- 
retically) it is not advisable to dimmish the efficiency of the kiln by 
introducing more air into it, but rather the gas should be diluted 
with air through a valve befoie it enters the carbonatation-tanks. 


SUPPLEMENT 

Sulphurous acid, which is also used similarly to carbomc acid 
in the caibonatation process, is either pioduced by burning sulphur 
m appropriately constructed ovens or it is purchased in a liquid 
state contained in iron cyhndeis 

Liquid sulphurous acid is somewhat more expensive to buy 
than it is to make the gas at the factory, although in some i espects 
it IS rather moie satisfactoiy, especially when not vei}^ much of it 
IS to be used and it is desired to carefully regulate the amount 
If a stream of cold w’atei is allowed to flow over the cy hndci con- 
taining the liquid sulphuious acid the watei will then impai t to the 
sulphurous acid sufficient heat to convert it into the gaseous con- 
dition The sulphurous acid thus always has about the same 
tempeiature and pressure, being at 15° to 20° (SO^-GS® F ), about 
three atmospheres (45 lbs ) , and so opening the valve introduces 
a uniform amount into the juice In order to prevent any of 
the juice getting into the sulphurous-acid container when it 
becomes empty, and consequent!}'' exerts no more pressure, a 
check-valve is placed in the piping 

Sulphurous-acid gas produced by bui fling of sulphur varies 
greatly in its percentage composition, according to the completeness 
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with which the burning of the sulphur has been accomplished, so 
that more attention is required in using this gas in the carbonata- 
tion-tanks. The sulphur-burners must be arranged so that there 
is no danger to workmen in charging the burner, and so that no 
sulphur will sublime into the pipes and possibly get into the juices; 
in the one case the pipes are likely to become choked, while in the 
other the quality of the juices in injuriously effected. These 
burners are built in various ways according as the air is pumped in 
or the gases sucked out. In the first arrangement the burners are 
closed air-tight and fitted with a cooling-jacket. The air necessary 
for the burning is forced in by pumps, or, less advisable by steam 
siphons, these being regulated according to the supply of sulphurous 
acid desired. 

When the gases are sucked, the juice itself is used as the 
means by being drawn continually out of the bottom of the col- 
lecting tank by a centrifugal pump and ])umpe(l back again to the 
tank through a jot apparatus, this latter l)y the action of the 
juice stream sucking the gases out of the sulphur-burner. Such 
burners are very simple affairs, iron boxes open at one end whore 
the sulphur is ])urnt in a pan. Special cooling arrangements are 
unnecessary, since the air draught can be in c.xcoss and do the 
cooling. 



CHAPTER XXV. 


HEAT-LOSSES DURING THE PROCESS. 

Pkopee conditions for determining an exact heat-balance 
are lacking in the sugar-factory, and it is hardly to be oxpecd-od 
that it would be possible to establish such under the variable 
prevailing conditions. At the same time it is of great impor- 
tance to be able to draw some conclusion as to the amount of 
unused heat relative to the total generated in the boilers, for in 
^a sugar-factory steam is used more as a vehicle of traus])oi*tiiig 
heat rather than for production of power. The amount of heat 
utilized for mechanical work amounts to only about one or t.wo ])er 
cent, of that contained in the amount of steam prodmunl; niter 
deducting this amount, which accomplishes work, t.li(‘ hojiting- 
value of the coal burned under the boilers must be found in th(" 
heat that escapes from the factory or is given up during tlu^ ])roc(*ss, 
for there is no heat-loss in the different heating- and evnporniing- 
apparatus, except in so far as it is lost with regard to its utilization 
in the factory. 

These heat-losses may be of three kinds: 

1. Heat-losses in the boiler-house. 

2. Heat-losses in the steam while on its way from the boilers 
to the place where it is condensed. 

3. Other heat-losses. 

The balancing of the heat can only be carried out in the first 
two cases with any degree of accuracy. 

Heat-losses in the Boiler-house. — ^An amount of heat is pro- 
duced corresponding to from 60 to 75 per cent, of the caloric value 
of the coal, the balance being lost in the flue-gases and by radiation- 
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The heat-losses which take place here can be ascertained with 
Accuracy according to the well-known methods. 

Heat-losses in the Ste^. — ^Thc steam produced in the boilers 
s sent partly directly and partly through the steam-cylinders of 
^he engine to the different a])paratus where it is to find further 
utilization. On the way, there are two sources of heat-losses: 
^hvOse due to radiation and hcait given up to the walls of the steam- 
Dipes, and heat which accomplishes work in the engines. 

The amount of heat lost by cooling in the steam-pipes depends 
apon a number of different factors, but principally uj)on the length 
piping and the difference in temperature between the steam and 
die outer air. These losses arc knssened by shortening tlu^ piping 
xnd simplifying it as much as possible, and by covering the i)ipos 
A^ith some good non-conducting material. Su[)erheating the steam 
ilso acts favorably in this res])ect; for sup<n-heat.(Ml steam, although 
die difference in temperature between it and th(M)uier air isgn^atxu*, 
>;ivGs up less heat to the walls of tlu' pip(‘s than ordimiry w(d- 
stcam. Superheated stc'am, as long as it. nutniins sujxM’lu'atc'd, 
)ehaves like hot air and is a poor conductor of 

In th(^ cylinders of the steam-engines which an^ partly un- 
‘overed, there is mor<' laait. lost. p(M’ unit of surface^ than in w(h- 
‘overed pipes. The continuous whirling motion of lh<‘ st(‘am in 
die cylinders also tends to incr(‘as(» th(‘ h(‘at-loss(‘s. 

The heat vard vp in (irconi plishinij external mvchinncal work 
m the engines, and not for th(‘ j)ow(‘r stri(‘tly sp(‘a,king, but rather 
br the overcoming of friction, can b(‘ calculal(Hl from lh(‘ lu'at 
laws, for 424 meter-kilograms nMpiin^ oik' unit of h(‘a.t.. I^'or tlui 
production of one horse-pow(T about I.IS kilograms of stcaim are 
•ondensed in the steam-(\vlind('rs during oik' hour, and an amount 
if heat corres])onding to this is takcui from tlui steam. 

Besides this mechanical work, the steam does other work, 
chiefly in expanding on ent,ering the steam-cylinders, upon the 
pressure side of the piston, and on its exit upon the change of 
stroke. There is no heat-loss, however, in accomplishing this 
TOrk, for the amount of heat which does work at one place is in 
mother transformed into heat again. After deducting the amount 
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stallation of modern engines only when the cooling-losses are 
diminished. This can be accomplished by shortening and sim- 
plifying the piping as much as possible, and replacing several 
small engines by one large one. Whether it is economical to make 
such centralization cf the engine work depends upon the con- 
ditions in the factory. In equipping a new factory, it is to be 
expected that there will be a certain amount of centralization, at 
least with engines having up-to-date expansion fittings, in 
order to make as short and simple a system of piping as 
possible. On the other hand, it is not advisable to use a 
single engine for all the machinery and pumps, transmitting 
the power by belts or electricity, not only on account of 
increased expense, but also because, in case anything hap- 
pens to this one engine, the whole work of the factory 
will be interrupted. 

In fact, certainty of keeping the house working is one of the 
chief consitleratlons in the conduct of a sugar-factory. Every 
disturbance (‘ausing temporary stopping of work will always result 
in increasing expense and lengthening the camj)aign, as well as a 
(•(‘rtain amount of sugar-losses. A factory whose nuudiinery is 
not perfect, but. is such that the work goes on uninterruptedly 
with all engines and apparatus working, will always give better 
results in the long run than one more modern, but which cannot 
be utilized to the best economy on account of causing 
stoppages. 

In factories already constructed, it is not advisable to replace 
old machinery, that is capable of doing steady work, by new 
machinery, except when there is too much exhaust steam, and 
this steam (uinnot be utilized to advantage for evaporating. In 
such cases there should be a certain amount of centralization by 
rephuiing several of the older engines by a larger and more modern 
one, and by operating as many pumps as possible by one steam 
cylinder. Above all else, however, the attempt should be made 
to lessen the consumption of steam by adjusting the old engines 
and keeping them in as good repair as the better types, the valve 
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of heat lost by cooling and by mechanical work, all the rest of the 
heat which enters the steam-cylinder is carried in the exhaust steam. 

It has been established by means of experiment that, in fac- 
tories where there are a considerable number of engines and the 
piping is correspondingly long, there is about 15 per cent, of 
the heat, in the steam which passes through the engines, either 
lost or utilized. Of this amount 3i per cent, is required to ac- 
complish work, 2 per cent is lost by cooling in the steam-cylinders, 
and the remaining 10 per cent or so is lost by cooling in the 
direct and exhaust steam-pipes. 

The heat-losses in the steam, which is directly transported to 
the place where it is to be used for heating, are naturally niuc.h 
smaller than the above; for this steam only suffers cooling losses 
in the direct-steam piping, which is shorter than in the other case. 
This can be estimated as 5 per cent, of the heat contained in this 
steam. 

If it be assumed that half of the boiler-steam passes througli 
the engines when ordinary high-pressure engines are used, and th(' 
other half is carried directly to the evaporating-pans, etc., th(' 
amount of heat lost in the steam, on its way to the plac(' 
where it is going to be utilized, is about 10 per cent, of I.Ik' 
heat taken up in the boiler, assuming the case of a fact.o ry 
arranged in the usual manner with a considerable network of 
piping. 

In order to diminish this high heat-loss, a number of different, 
expedients have been tried, but in all cases a careful investigation 
should be made as to whether there is any gain accomplished, 
and whether it is a pecuniary gain. 

The most frequent expedient is to replace the ordinary high- 
pressure engines with modern expansion engines. From t.ho 
explanation given above, it is evident that such a change, unk^ss 
accompanied by other changes, cannot of itself ac(H)mplish any 
diminution in the heat-losses, because the amount of work done 
in each engine must be the same and equal quantities of heat 
will be used up. There is an advantage to be gained in the in- 
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surfaces being well ground, the eccentrics properly adjusted, the 
piston made tight, and the engine tested from time to time by an 
indicator. 

As has been shown above, relatively large amounts of exhaust 
steam can be used to advantage in the evaporation of juice if it is 
properly connected with the heating and evaporating apparatus, 
provided the exhaust has a pressure of about three-fourths of an 
atmosphere (10-12 lbs.). In factories in which there is a large 
amount of this exhaust, it is sometimes preferable to use a triple 
effect rather than a quadruple effect, if the exhaust steam only is 
used for heating and boiling; at all events it is possible, without 
going to much expense, to arrange so that the consumj)tiou of coal 
will be kept within reasonable limits. 

It must always be borne in mind that changing the eciuipmont 
at one part of the factory will usually make it necessary to make 
some changes in the other parts as a necessary conseciueme, if best 
results are to be obtained. Thus, when there is a centralization of 
the engine work it is usually necessary to change the conditions 
in the boiler-house, and, in consequence of the considerable lessen- 
ing of the amount of exhaust, it is necessary to make some changes 
at the evaporating-pans, so that the cost of installation of the new 
engine is increased to a considerable extent. 

It is almost self-evident that it is not only unsuitable, but a 
waste of money, to connect expansion and compound erujines^ with 
condensers in a sugar-factory; for in such engines none of the heat 
can then be utilized for evaporation purposes, so that hcat-los.ses 
are very much greater than in the old and ordinary sorts of 
engines. 

The use of superheated steam for driving the engines, although 
it has been used to great advantage in other industries, and produces 
an equal amount of work with less steam, is in this respect less 
useful for the sugar-factory, except under particular conditions, 
namely, when the exhaust steam is present in too great a quantity, 
and must be diminished in amount. But, since there is never an 
excess of exhaust steam in a modern sugar-factory, it follows that 
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the superheating; as a means for economizing steam in the produc- 
tion of power, has no utility in the sugar-factory. 

It is unquestionable, however, that the superheating of the 
steam is, as has already been shown, of considerable practical im- 
portance in lessening condensation losses in pipes and steam-cylin- 
ders. The greatest advantage, then, is to be gained when the heat 
of the waste gases from the boiler are used for this superheating; 
their usual temperature of 250^ to 300® C. (475° to 565° F.) is too 
low to accomplish much superheating. This has led to use of special 
superheating apparatus behind the boiler tubcwS, where the gases 
have a temperature of 500°-G00° (900°-110()° F.), or to heat the 
steam directly. Of course, in such cases heat is withdrawn 
from the boilers or from the fuel directly, and their evapora- 
tion efficiency is lowered somewhat. The advantage of suixm'- 
hcating is greater in proportion as the steam is wet as it (‘oni(‘s 
from the boilers in condition for revaporizing. Sup('rh(uit.(‘rs 
are a(lvisal)le particularly for boilers for which groat (‘lairns 
are made. 

Up to the ])rcsent time, there are no figures avjiilahk^ t-o show 
the advantage to Ik' gained in superluviting steam to pr('V(*nt cooling 
losses. The need of such figun^s is very appanmt, Ix'cjiusc^ Mk^ 
expense of installing such sujierhcating arrang(‘nK‘nt.s is no small 
matter. Further, it should not ))e forgotten that, during t.lu^ long 
season when the facjtory is not working, the superlu'athig api>a- 
ratus will suffer more from rust than the steam-boiU^rs and Umd 
to become leaky. Consequently the cost of repairs must, in the 
course of time, amount to considerable. 

With regard to the working of the engines thornselvos, the use 
of superheated steam offers certain disavantages as well as ad- 
vantages which should be considered. The steam-cylinders must 
be much more strongly lubricated, and with a viscous and more 
expensive oil, than when wet steam is used, in which the water 
aids in the lubrication. Finally, the older types of engines are not 
suited for the use of superheated steam. 

It might be mentioned again that it is only steam used for the 
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engines, and not that used in the vacuum-pans, etc., that can be 
superheated. 

Other Heat-losses. — ^The heat contained in the steam or other 
medium carrying heat (hot water, juice) can only be utilized when 
it has a sufficiently high temperature. 

Every time heat is utilized, or, in other words, in every trans- 
ference of heat from one medium to another, there is a lowering of 
temperature, and the repeated utilization in the multiple effects 
consists only in properly distributing this fall in temperature. 
When a certain lower limit of temperature is reached, it is no longer 
possible to practically utilize the heat energy; in the sugar-factory 
this temperature is 70° C. (158° F.) for the evaporation and 50° 
to 60° C. (122°“140° F.) for heating. In the last case only a very 
small portion of the heat can be utilized, and only juices and water 
which are at lower temperatures can be heated, and such are at 
hand only in limited amounts. 

Whether it is advantageous or practical to use heat at a lower 
temperature, in engines using cold steam for the production of 
power, seems at present to be questionable. 

All the heat which has reached the lower temperature can, 
therefore, be regarded as useful only for heating purposes. This 
heat is found in the waste waters and waste products of the factory, 
and the amount of this heat can be estimated sufficiently accurately, 
because the temperature and weights of these products are easy 
to determine. 

The amount of heat which is lost during the cooling in the 
different apparatus, pans, tanks, piping, juices, water, etc., cannot 
be estimated directly, and especially that portion of the heat 
energy which is contained in the vapors that escape during car- 
bonatation, the boiling-down of the juice, the steaming-out of the 
apparatus and centrifugals, and by leakage. 

An approximate calculation (see Appendix II) is obtained by 
considering that of the amount of- heat which remains after de- 
ducting the heat-losses in the steam-pipes and engines; about 
two-thirds is lost in the waste products from the diffusers and 
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filter-presses, and in the excess of condensed steam, while tne 
remaining third is lost in amounts which cannot be determined 
directly. 

The importance of diminishing losses by cooling, and losses due 
to escape of steam, becomes clear from this last statement, and in 
it is the key to economy in the use of steam. 




CHAPTER XXVI. 


FACTORY CONTROL AND DETERMINATION OF SUGAR-LOSSES. 

It is not in the province of this book to detail the principles 
and methods of chemical analysis as applied to factory control, but 
the statement cannot be made too emphatic that properly con- 
ducted chemical control is unquestionably a prime requisite for 
the correct and profitable conduct of the work of a sugar-factory. 
Unfortunately, such control is still lacking in many factories, where, 
it is true, in daytime the testing is more or less thoro^ugh, but at 
night the chemist is away, and often not even average samples are 
taken by which he can inform himself of the work of the night. 

If it is conceded that it is unquestionable that chemical control 
is necessary, it does not follow that it is the sole dependence of the 
manufacturer. The experienced practical man at once detects 
anything wrong in the factory by the behavior and appearance of 
the juice and other products, and by many other signs, what chemical 
investigation shows but tardily. Such practised observation must 
always characterize the man who has supervision of the factory 
routine. No irregularity or mistakes in working with liquors or 
apparatus escapes the vigilance of an experienced technical man. 
Almost always there are many obvious tokens which indicate 
abnormal work, and always some of these are at once apparent to 
the superintendent. The results of chemical control depend much 
on the accuracy of the sampling, and it can happen that the chemist 
discovers an irregularity which actually does not occur in the work, 
being only in existence in a faxilty sample. On the other hand, 
grave mistakes in the factory quite escape chemical detection if 

no sample was taken at such particular times, especially when no 
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systematic average sample is collected. Mistakes can also be made 
in special analyses, but it is seldom that they give occasion for any 
considerable error. 

The field of activity for the chemist of a factory is, therefore, 
only covered to a small extent by the narrow confines of the labora- 
tory ; so far as he has any time available he should be in the factory 
seeing the general samples taken, and make it a point to test no 
sample if not convinced by his own observation that it was prop- 
erly taken. 

Superintendents and chemists, when their offices are not united 
in one person, should work hand in hand. Any unusual happening 
in the factory routine must be at once explained by chemical in- 
vestigation. Chemical control and analyses arc, it is true, for the 
special jnirpose of finding out factory mistakes, but their chief value 
is to determine the magnitude of the error and the means for its abol- 
ishment. 

Laboratory tests which are designed to show what the factory 
is doing or to explain factory troubles must bn wcdl plaiuind out 
and conducted with evoiy care, and, above all, under conditions 
imitating as closely as possible those actually e.\isting in the factory. 
Otherwise the results arc useless for practical aiijilication and in- 
deed positively mischievous, as they lead to false <-onclusions. 
Many ideas which arc foreign and out of date, and even some that 
are passed around by practical men and kept alive from genera- 
tion to generation, owe their origin to investigations erroneously 
carried out or to those from which erroneous conclusions have 
been drawn. Often, it should be observed, investigations made 
with beets of inferior quality, or by analytical methods no longer 
recognized as exact, have been used, and hence for the condi- 
tions ovist, ing to-day they have no scientific value, just as the 
conditions as known to-day may have as little relation to those 
which may control the industry of the future. 

It is quite wrong to attribute factory troubles to the quality , of 
the beets without investigating further. It is indeed true that 
beets of different campaigns and at different periods in the same 
are apt to work up differently, but by m a k i n g a few 
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common-sense changes in methods to suit the conditions, almost 
any beets which are not obviously rotten or frozen or do not show 
extraordinary damage will work up well, or at least work up so 
that the factory can run to its full capacity. In very many cases 
blame for factory troubles can in nowise be laid to the beets, but 
to some other cause, which will be detected quicker if the habit is 
broken of attributing everything to the beets. At the beginning 
of the campaign particularly, troubles occur which are not <?aused 
by unripe or damaged beets, but by mistakes of inexperienced 
workmen, such as are at first not readily detected by superintend- 
ents till they themselves again get in practice and work back into 
the fine points of routine. 

Chemical control of the sugar-factory has its cihief value in the 
determination of sugar-losses. 

The difference between the amount of sugar in the beets as 
shown by polarization and that in the massecuite or in the sugar 
obtained as a commercial product is the total sugar-loss in manu- 
facture. If the determination of weights and polarizations ha\’e 
been worked out correctly the total loss is usually higher t han the 
sum of those losses which can be determined in waste-product s, and 
in wash- and condensation waters. A distinction is therc^forc* nuu le 
between determined and undetermined losses, or, to put it better, 
between known and unknown losses. 

To determine the amount of sugar going into the factory the 
beets must be accurately weighed and their sugar-content deter- 
mined in good average representative samples. In countries where 
the excise-tax laws do not compel the beets to be weighed it is often 
deemed suflSicient to obtain this weight indirectly from the number 
of diffusion-cells filled, or by a calculation based on the weight of 
the diffusion-juice and the sugar-content of beets, diffusion-juice, 
and waste-products. By this last method the assumption is made 
that the undetermined losses do not occur during juice-extraction, 
so that the sugar obtained in the juice, together with that deter- 
mined in the waste-products, represents the sugar-content of the 
beets. No great accuracy can be claimed for this way of calculat- 
ing, and it is a matter of surprise, when the great value of chemical 



DETERMINATION OF SUGAR-LOSSES. 


283 


control of the sugar-industry is recognized, that the slight expense is 
not incurred to meet the first and most important requirement 
for such control. 

Only those methods for the determination of the sugar- 
content of the beet-slices known to be accurate can be used, namely, 
alcoholic extraction, which must be controlled by extracting a 
second time, or the hot-water-digestion method properly carried 
out. Although by these methods not the sucrose-content but the 
amount of polarizing substances is given, this test will be regarded 
as scientifically correct till it becomes possible to separate the 
sucrose from the other optically active substances. Especially to 
be rejected are those methods which, designedly or not, are con- 
ducted with less care and so give lower figures, which, while possibly 
agreeing better with the results of factory practice, arc nevertheless 
false. 

Since by the new processes of working up ruassocuites there are 
no longer any pure first-product inasse(*uitcs, the sugar obtained 
must bo determined from the weight of the first-sugar ])ro(hi(*.t and 
the volume of the se(‘ond massecuite, or, if this is also worked up 
with a grain foundation of added sugar, from the w(Mght of the 
finished commcrical sugar and the molasses. The more the sirups 
are worked up during the cam])aign the greater tiui ditliculty in 
separating them to reckon the weekly yield. Nevertheless, some 
kind of a separation of sirups can be worked out, and at least 
several times during the camj)aign a determination of yields and 
losses should be made with as great accuracy as ])Ossible. Small 
amounts of sirup which are carried over in the account from week 
to week can be reckoned as massecuite. There is no difficulty in 
taking average samples of sugar or sirup massecuites. 

The only determinable sugar-losses are those occuring in the 
filter-press scums in the diffusion work and the loss rn the condenser 
water, for these are the only losses capable of measurement and 
which can be calculated with reasonable accuracy from tests of the 
waste-products. There are other losses of which we have positive 
knowledge, but whose magnitude cannot be quantitatively meas- 
ured through lack of all data, and which, therefore, have to be 
reckoned as undeterminable. 
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To this class of undetermined losses, which are recognized^ but 
which do not last long enough at one time to permit of quantitative 
determination j belong especially those losses which are due to 
decomposition of sugar in evaporating and boiling, losses in the 
filter-press cloths, and mechanical losses caused by entrainment of 
juice or sirup. All these losses taken together do not, however, 
reach a figure of much magnitude, and at most arc reckoned as 
a few hundredths of a per cent, on the weight of the beets, assuming 
of course that the juices are normal and are worked up alkaline, 
and that no mechanical loss out of the ordinary has occurred. 
Hence these losses give no explanation of the considerable amount 
of undetermined loss which occurs in every factory, and is always 
found however careful the chemical control. The greatest vigilance 
and care are necessary in determining the known losses accurately. 
If the tests are made carelessly, whether in sample taking or in 
analysis, the losses found, both total and known, arc almost in- 
variably too small. If the books show a small sugar-loss it is not 
by any means evidence of good work. On the contrary, such figures 
should be viewed with some suspicion. 

As is well known, according to the annual re])orts of factories 
whose technical standing is recognized as good, the total sugar- 
loss is given as 1.0-1 .5 per cent, of the beets, of which ().5-().7 per 
cent, are known losses, so that a half more appear as unknown 
losses, and so far cannot be explained ,as being losses recfognized 
but undetermined. While it is unpleasant for a superintendent 
to contemplate losses as great as these, which would ])e serious 
if they actually did represent sugar, it certainly is still more 
unsatisfactory to one who wishes to get at the truth of j^rac- 
tical sugar work. It is, however, almost certain that these 
^dosses^* are not sugar-losses, but errors of polarization^ although 
so far no satisfactory explanation has been given to account 
for them. 

The sugar-losses which are worth consideration are only those 
which have been actually determined, and it may be better in some 
ways to report only these, as their measurement is what concerns 
the technical man. The total loss determination, on the contrary, 
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gives utterly erroneous ideas of the actual work, and may be looked 
upon as of no value. 

The most important known sugar-losses occur in the diffusion 
work, especially in the exhausted slices and waste-water. It is 
very difficult to collect a proper average sample of the exhausted 
slices, for not only do the different tanks have residues at diffei’ent 
degrees of exhaustion, but slices in the same diffuser vary much in 
their sugar-content. Further, as the weight of the wet slices is 
not determined directly, and the adhering water varies from (SO to 
100 per cent., determinations should be made on these slices merely 
for control of the diffusion, the sugar-loss being calculated fi’om 
tests on the pressed I'esidues and on the prena-walcr. The weight of 
the pressed residues can be determined exactly from the accounts 
of the farmers. Good average samples can be obtained at the bins 
below or in other ways. These are always more reliable than those 
taken on the wet slices, as this residue has been thoroughly mixed 
in passing through the various conveying machinery, su(‘h as bucket 
and screw elevators, as well as in the presses themselves. The de- 
termination is best made by the hot-digestion method, whi(^h gives 
very satisfactory values for this waste product, whi(‘h is the richest 
of all in sugar. Obviously, good average samples of the press water 
can be obtained very easily, especially if some kind of dropping- 
apparatus is used for taking samples. The weight of the press- 
water, which will hardly exceed 10 per cent, on the beets can only 
be estimated, but, as its sugar-content is relatively small, the 
error is of no consequence. The same remarks apply to the 
diffuser waste-'wate7\s^ whose amount can only be estimated if extra 
water is used in discharging the chips. The sugar-content in these 
waters is, however, still less than in the press-waters, so that an 
exact determination of the amount of water is of no consequence, 
since the greatest error which would be introduced would only 
affect the loss determination a few hundredths of a per cent, on the 
weight of the beets. In diffusion where the waste-waters are 
worked back and in the hot mash methods there is obviously 
no sugar loss if the sugar collected in the dry by-product is 
reckoned as recovered. In these processes care need only be 
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taken that the fodder contains only so much sugar as is 
profitable. 

It is not easy to take good average samples of carbonatation- 
scums, as the press-cake of different filter-presses, and, indeed, of 
the same press, show very different degrees of sweetening off. Sam- 
ples should be collected when the press is discharged by taking 
portions of several cakes and from different places in the cake. 
The surer method is to sample from the scum-wagons by means of 
a trier. When the scums are disposed of by mixing with water 
to a thin paste very good average samples can be collected easily, 
but, of course, the sugar must be calculated on the weight of the 
original scum, which requires a determination of the water-content 
or the specific gravity of the watery mixture. The weight of the 
scums is usually determined from the number of presses which 
have been discharged. It suffices, however, to calculate the scums 
from the weight of lime used, as they can be taken as 3.5 to 4 times 
the weight of the latter, accordingly as they are dry or wet. 

Suitable samples can be collected from the hot- well waters of 
the condensers by means of accurate drop-sampling apparatus. 
The amount of water can be calculated with sufficient exactness, 
if its temperature is.known, as well as that of the condensed vapors 
and the injection-water. 

The calculated factory losses per 100 parts of beets, in a 
factory using ordinary diffusion, are about as follows: 


Total sugar-loss 1.20% of beets 

Of which are known 

In expressed beet residues 50%, polarizing 0.50% = 0.25% 

Press-water 40% 0.20% = 0.08% 

Diffusion waste- waters 130% '' 0.10% = 0.13% 

Scums, 1st carbonatation 8% '' 1-5% =0.12% 

Scums, final 0.5% '' 4.0% =0.02% 

Hot- well water 600% 0.00 =0 00 


Total known losses 01 60% 

Unknown losses 0.60% 


In factories where the diffusion-juice is exactly measured the 
total losses in juice extraction can be exactly determined if cor- 
rect average samples are collected. As this juice always contains 
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many germs which quickly decompose sugar the samples must 
never stand more than a half hour, or at the very most an hour, 
without addition of lead acetate or mercuric chloride. Whether 
the diffusion process is responsible for greater losses not yet capable 
of determination is a much-discussed question, which has not yet 
been answered. In the pressing, as in the diffusion as carried out 
in the usual manner nowadays, the sugar brought in in the beets 
will be found again in raw juice, waste-waters and fodders. Never- 
theless, the sugar which is contained in the raw juice, after making 
deduction for losses calculated for scums and waste waters will 
not be found exactly in the massecuite. As has already been 
stated, what is the cause of this undetermined loss, which amounts 
to about I per cent, on the weight of the beets, is not at all clear. 

Among the losses not capable of determination are especially 
those known as mechanical losses, caused by leaks in valves or 
heating-coils, as well as those due to carelessness of workmen. It is 
the business of the practical factory man to prevent these as far as 
possible. Discharge-valves which are leaky or not ])ro])erly closed 
are the cause of juice-losses in the diffusion. Siudi discharge-valves 
should bo done away wil.h where the spurting of water from the 
lower manholes on o])ening the diffusers can be i)reventcd, as is 
possible with sitle discharge ])y use of cloths. The space under 
the sieves should be filled with hydraulic cement, leaving only 
room enough for the flow of juice between the sieve and the 
bottom, or otherwise considerable cold water collects there and 
later on dilutes the juice when the diffuser is filled with fresh 
slices for mashing. As a rule the later forms of diffusion-plants 
have flischarge-valves and manholes in plain view, so that any leak 
would be at once detected and loss prevented. Mechanical juice- 
losses can also occur at the waste-valves of carbonatation-tanks 
and evaporators which are used for washing out on Sundays. 
Such valves or cocks should always be closed by the superintendent 
or his representative personally, and locked to prevent any im- 
proper use. It is hardly necessary to say that all waste-pipes and 
likewise all juice-pipes should be so placed that they can be easily 
inspected. 

Losses by leaks of heating-tubes or -coils in eyaporators or 
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vEcuuni-psiiis ought not to oscapo notico, since the greater part of 
the condensed water is utilized for boiler-feed, and the smallest 
amount of sugar makes itself noticeable by the odor of the steam 
Condensed water not used for boiler-feed, especially that from the 
juice-heaters, should be frequently tested for sugar 

If these simple precepts are followed no mechanical loss can 
take place without bemg detected. 



CHAPTER XXVII. 


GENERAL SUGGESTIONS CONCERNING THE EQUIPMENT AND 
MAINTENANCE OF A BEET-SUGAR FACTORY, 

A BEET-SUGAR factory is one which prepares from a natural raw 
product a product still crude but greatly improved It is only in 
special factories, or special parts of the same factory', that this 
Cl ude product is made over into a product ready for use There is 
therefore, no reason for aiming at any beauty in buildings or 
machinery, as is to some extent necessary" m factories built for 
adveitising pui poses The chief requisite is the practicability cf 
the arrangement as a whole and the induidual pait^, a^^ veil 
economy. Atti activeness, such as a beautiful arrangement of the 
factoiy, 01 a beautiful engine-house, costs money, tvithout aiding 
in the attainment of the purposes foi which the factoiy is built, 
which IS to pioduce economically fiom beets the gieatest possible 
quantity of sugar of good quality, it inci eases cost of manufacture 
by laising the costs of insurance and mteiest Such sums play an 
important pait in the conduct of a beet-sugar factoiy in ^hich it 
IS necessary to make the entiie year’s earmngs within a few 
months 

With regard to the fittings and method of woiking the factory 
much depends upon the customs levied and the demands cf com- 
merce. In countries in which there is a tax upon the weight of the 
beets it IS necessary to avoid as much as possible all losses at the 
different stages in the manufacture, because the value of the sugar 
is greatly increased by this duty, sometimes giving it double its 
original value or more In such cases the number of diffusers and 
filter-presses should be large On the other hand, when there is a 
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to levied upon the juice it is not so important to exhaust the 
beet~chips thoroughly, but more stress is to be laid upon the pro- 
duction of a juice whose temperature and purity aie most favor- 
able when the duty is considered. It is also necessary in this case 
to carefully sweeten off the scums and to avoid all losses caused by 
the mechamcal entrainment of sugar with the steam, but these are 
always the aims of the sugar-manufacturer m every sugar-factory. 
In countries where there is a sugar-tax levied upon the finished prod- 
uct the factory cares less for sugar-losses during process of manu- 
facture Of course the sugar-losses should on no account exceed 
a reasonable amount, but frequently it is better to work rapidly, 
and prepare a good product rather than to make the yield greater 
and the product poorer 

The demands of commerce, or, in other words, the market, 
regulates the quahty of the sugar produced, and this has its in- 
fluence upon the conduct of the sugar-house When an alkaline 
product is desired by the trade it is necessary to regulate the 
process in this respect from the defecation onwai d 

A good beet-sugar factory should have well-ventilatcd, well- 
lighted and spacious rooms arranged so that the workings of the 
whole factory can be easily watched by the one in charge The 
requisite cleanhness should be easily attained and the machinery 
and apparatus should be good, strong, and conveniently arranged. 
As to whether engmes and apparatus should be of the latest pattern 
and design is a matter of more or less indifference to the practical 
sugar-man. If the engines furnish the requisite power without an 
excess of steam m the exhaust, and all of the apparatus is properly 
arranged and capable of doing the work expected, they fulfil 
their purpose, and it is entirely superfluous to make any other de- 
mands m this respect. The duties of the manager of the factory 
cover all the details involved in the manufacture of the sugar, and 
he must observe everything that happens to the beets or to the 
juices, suggesting improvements when necessary. This takes up 
pretty much aU of one man’s time, so that the care and working of 
the engines and machmery should be left to the engineer. All 
irregularities in the working of the engines or machinery which 
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lay cause trouble in the process should be looked after at once, 
)r prevenHng stoppages^ together with working the factory up to its 
ipadtyj are the chief factors towards working cheaply and well, 
lach stoppage involves expense, not only on account of the un- 
tnployed labor and waste of fuel, but also because the purity of 
be juice is lowered and sugar-losses are greater in the beets that 
re stored for a longer time 

The more rapidly juices are worked up, by avoiding all 
toppages, the better their quality They suffer especially in 
low diffusion, by delays in carbonatating, in evaporating and 
xcessively by prolonged boiling in vacuum pans Then worst 
haracteristics show in stickiness and dark coloi in massecuites, 
Q poor yield and difficult purging It is always wiong to have 
apparatus too large at any stage of the process When this is the 
'ase, either the apparatus in question must be reduced in size, or 
he other apparatus inci eased in proportion, so that the capacity 
)f the factory will be changed When the size of the appai atus at 
my point is inci eased care must bo taken to make suie that the 
lew capacity corresponds to that of the appai atus at the other 
itages of the process, as otherwise it uill be nece-isai} to make 
certain changes oi enlargements annually The size ot difieicnt 
oims of apparatus should be such that those latei m the piocc'^s 
lave a slightly greatei capacity than the piecedmg, oi at least it 
should be possible to make the increase quickly Thi& i-^ paitic- 
ilarly true of any tiansporting-appaiatus which takes pioduet 
'rom another Indeed, transporting and transmission machinery 
can never be made strong enough, this statement ought to be made 
most emphatic as unfortunately grievous sms aie too often com- 
mitted on this point A fourfold factor of safety should be de- 
manded over that lequiied for transporting appai atus in other 
industries for equal loads, especially for beet and chip earners, 
owing to the exceedingly variable conditions of their use and 
because frequently, when the work is pushed, they do not come 
up to the capacity shown previously 

Increasing the size of the factory is usually the best way to 
reduce the cost of manufacture, but this is true only within certain 
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limits. If a factory can obtain all the beets needed so as to main- 
tain a campaign of a normal duration, increasing the capacity of 
the factory should stop only when the freight charges for bringing 
beets from a distance more than compensates any gain in the 
economy of operating the factory It may then be more advanta- 
geous to build a new factory in a more central location If a factory 
cannot obtain more beets than are used at present, increasing the 
size of the factory will result simply in shortening the campaign. 
This is advantageous up to a certain extent, because the cost of 
operating will be somewhat dimimshed, and it will not be necessary 
to store beets at all, since they can all be worked up at the time of 
their greatest sugar-content. If the duration of the campaign has 
been reduced co about six weeks then increasing the capacity of 
factory will be not only unnecessary but even injurious, because 
it may happen that the farmers cannot supply the beets fast enough 
in the shorter period, and, consequently, the work may have to be 
stopped on account of their insufficiency In such cases it is better 
to attempt to improve the process and to increase the yield by caie- 
ful work rather than to enlarge the factory. 

When new appliances are added for improving process the 
gain should be quite considerable In most cases the returns should 
show interest upon the capital mvested of from 15 to 20 per cent , 
because every year new discoveries are being made which make 
the apparatus at hand become more or less out of date, so tliat its 
value decreases rapidly Furthermore, many innovations corre- 
spond to the prevaihng fashion in the manufacture of apparatus 
or the pnce may be set altogether too high by advertising At one 
time a number of improvements will be suggested with regard to 
the diffusion, at another time it will be the defecation that is im- 
proved, and so on throughout the w^hole process, as a result of 
fashion to some extent. Those who attempt to follow all these 
changes will soon empty their purses without effecting any cor- 
responding gain Consequently one should go slow, as more harm 
is usually done by changing too quickly, and frequently the actual 
advantages to be obtained from an invention may be attained in a 
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uch more simple manner. If, however, the advantages of a new 
5 vice are apparent no time should be lost in adopting it. 

For careful work great cleanlmess should be maintained 
iroughout the whole factory, but, above all else, the work itself 
id the inside of apparatus should be clean Although it is 
Ivisable to keep the whole factory clean it is not wise to pay 
)0 much attention to exteriors, for it is in the different vessels 
here the ^uice is contained that cleanlmess is of most vital 
aportance Those which otherwise require little attention con- 
nually demand care in this regaid 
The total cost of operating a factory is naturally very different 
1 different cases On the other hand, the actual expenses in- 
urred during the campaign are only slightly different m the vaii- 
us factories In Geiman factories the expense duiing a cam- 
aign was found to be per 100 lbs of beets wages, 115 c to 1 36 c , 
ael, 09 c to 1 15 c , 1 me, 0 11 c to 0 31 c.; pi ess-cloths, 
t 45 c to 0 57 c , and lubricants, 0 45 c to 0 57 c The gieater 
he numbei of beets worked up into sugar the smallei become'^ the 
ost of each pound of sugar pioduced In Geimany it costs fiom 
IX to ten cents to woik up 100 lbs of beets, allowance being made 
or depreciation in the value of the plant, repaiis, summer ^\olk, 
5tc It is always haul to estimate coirectly the cost of manufac- 
turing sugar, for sometimes small factoiies woi k moie economically 
than large ones, particulaily when the freight on beets and by- 
oroducts IS taken into consideration 

For practical control of the factoiy it is well to place the data 
Df the working at each pait of the factory upon a blackboard, or 
upon a chart, so that a very good idea of just what the factoiy is 
doing may be obtained by simply inspecting these items In such 
cases the following details should be noted The amount of beets 
used, the number of diffuseis filled, the length of time each diffuser 
is in operation and the time of dischaigmg, the degree Brix of the 
diffuser-juice fiom each measunng-tank, the number of emptied 
presses, the number of defecating- and carbonatatmg-pans in opera- 
tion, the density of the thick juice that is drawm off, the alkalinity 
of the juices, the beginning and end of each boiling, both of firsts 
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and after-products, the time of stirring and temperature in the 
crystallizers, the number and contents of the vessels containing 
the after-massecuites, the weight of the centrifugated sugar, and 
furthermore, the data concermng the operation of the boiler-house. 
Notmg all these details helps greatly m the rapid detection of mis- 
takes and troubles m process. 

At the same time the real day-book or journal of the factory 
should not be forgotten This should contain all techmcal data, not 
alone notes taken from the factory working and extracts from 
the laboratory book, but also the receipts of fuel, limestone, 
lime, filter-cloths, acid, lubricants, etc , and the sugar-sacks, the 
amount of beets received and the quantity stored, as well as the 
storage, dehvery, and exammation of the sugar These results are 
all the more valuable if the notes are taken neatly and arranged so 
that the data are easy to find. It is not easy to give a scheme for 
tabulating the results in such a book, because the conditions vary 
so much in the different factories 

In some factories samples of juices, massecuites, etc , are taken 
at regular intervals, and the results are shown to the superin- 
tendent of the factory. Although this practice is, on the whole, 
very commendable, the results are sometimes misleading on ac- 
count of workmen always taking favorable samples It is well to 
take the specimens personally when possible, and not leave it to 
workmen 

A very important, although less busy, period is the time for 
makmg repairs. After the beets have all been worked up the 
machmery and apparatus should be cleaned immediately, at first 
somewhat superficially, and later very thoroughly, and everything 
should be closely examined to see what repairs are necessaiy 
The heavier repairs which wiU have to be made in a machine-shop 
should be made early in the sprmg, for the mechanics are then 
not very busy and the work is more likely to be done carefully 
<5nd finislied on time 

Such repairs and minor improvements as can be carried out at the 
sugar-house should be divided proportionately through the whole of 
the period that the factoiy is idle, so that workmen are uniformly 
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Y througliout the whole of the summer. Of course, it is ad- 
tageous to be as independent as possible, and it is best for the 
,oiy to make all the repairs it can on the spot 
The parts, after being inspected and repaired, are immediately 
together again. They should be kept dry and covered with 
ise to prevent rust, and they should also be protected from 
t by suitable coverings 

In case of doubt as to whether repairs or new parts are neces^ 
f it is always well to consider what the effect will be if the part 
3 S out during the campaign does the whole factory-work de- 
d upon the piece of machinery in question, or can the repairs 
made during the campaign without stopping the regulai woik*!^ 
3 engines and apparatus upon which the progress of the whole 
fk depends must always be in perfect condition, and this is 
ecially true of all parts which are hard to get at. Careful atten- 
1 to repairs and proper setting up of machinery tend greatly to 
vent disturbances and accidents during the working penod 
Not only should the boilers be tested to see that they aie tight 
i capable of standing pressure, but the evaporating-, boiling-, and 
iting-apparatus should be carefully examined to see if they are 
good shape for another campaign Heating-coils which are to be 
a, ted with direct steam from the boilers should be tested with 
vater-prcssuie which is at least one or two atmospheres higher 
in the greatest steam-pressure to which they are likely to l)e sub- 
sted With the apparatus which is heated with low-pressure 
‘am the water-pressure from the tanks is usually sufficient if it 
s about one atmosphere overpressure (15 lbs ) In carrying out 
ese tests the different cocks connected with the different forms 
apparatus should be set in their proper position It is advisable 
test not only the heating-spaces but also the boihiig-space of 
aporatmg-apparatus with water-pressure, after it has been boiled 
ut wnth acid 

All heating-tubes and steam-coils must, of course, be freed from 
ly scale that has deposited upon them The mineral deposits 
ust also be carefully removed from the condensers, defecating-, 
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and carbonatation-pans, and all of the piping through which juice 
passes 

All of the valves and cocks should be taken apart and exam- 
ined, discs and seats well ground, and any imperfect washers of 
rubber or vulcanized fibre renewed, particularly m the valves of 
the diffusers, carbonatation-apparatus, filter-presses, and exhaust- 
steam and vapor lines. 

In localities where frost can penetrate into the factory after 
the close of the campaign, the steam cyhnders, piping, and valves 
must be disconnected and left open so that they mil always be 
free from water, other\vise ice may form in the pipes, perhaps 
causing them to burst 

Wlien it is customarj^ to keep the different pipes well painted 
it is well to use different colors, so as to show which liquid flows 
through them 

Before begmning work mth the beets, all of the machinery, 
the different apparatus and piping, etc., should be tested, at first 
separately and then a test is made with water, in which all of 
the operations are carried out that the juices are to undergo If 
e\er}^tlung is then found to be in satisfactory working condition 
it IS reasonable to expect that there will be httle trouble at the 
beginnmg of the campaign. 



CHAPTER XXVIII. 


UTILIZATION AND DISPOSAL OF THE WASTE-PRODUCTS 
AND SWEET-WATERS 

)F the different waste-products m a beet-sugar factory the fol- 
cig are worthy of consideration* the press-cake or carbonata- 
-scums from the filter-pi esses, the beet-earth from the silos 
settlmg-tanks; and the beet-tops 

Filter-press cake (scum) is usually considered a very desirable 
ilizer for the soil Besides calcium carbonate it contains phos- 
lic acid, nitrogen, and potash The percentage composition 
ends not only upon the amount of watei piesent, but also upon 
amount of these substances which were present in the beets, and 
m the amount of lime used in the defecation The uater-con- 
t usually varies between 40 and 50 pci cent With an equal 
ount of water prevScrit, and under otherwise similar conditions, 
highest percentage of pliosphoiic acid and nitiogen is obtained 
en the least lime is used m defecation, for when 1 75 pei cent 
lime IS used the same amount of phosphoric acid and mtiogen 
present in 7 per cent of the cake as will be piesent in 12 per 
it of the cake when 3 pei cent of lime is used It is evident, 
3 n, that the chief cause for the varying peicentage composition 
the press-cake is due to diffeient amounts of lime used in 
fecating The following is an average chemical analysis of the 
led scums Phosphoric acid, 1 to 2 5 pei cent , nitrogen, 0 2 to 
i per cent , potash, 0 05 to 0.3 per cent , carbonate of lime, 
I to 75 per cent , organic matter, 10 to 15 per cent 
The physical natuie of press-cake has an important influence 
3 on its value As it is obtained in the factory it constitutes 
hard, dirty, greasy mass which cannot be ground up easily, 

297 



298 


BEET-SUGAR MANUFACTURE 


and if added in this condition it lies upon the ground in 
larger or smaller lumps, which naturally exert no effect upon the 
soil If it is kept in heaps for some time, or if it is mixed with earth 
and allowed to dry, it becomes brittle and is then an excellent 
fertihzer with a quick action. If the soil is deficient in lime it is 
well to mix the cake m a mixmg-apparatus with powdered lime. 
In this way a finely powdered mass is obtained which is easily 
distributed over the soil and must act quicldy upon it 

In some factories the press-cake is mixed with water into a 
paste, and this is then allowed to run into the wash-water, and 
becomes well mixed in the setthng-tanlcs with the earth from the 
beets In this way a xery good composite earth is obtained which 
is often highly prized by farmers in the \icimty of the factor}^, it 
would not be economical to pay freight on it 

Cost of transportation hkewise stands in the way of the practical 
utilization of the soil deposited from beets in the settling-tanks 
This earth, however, makes a veiy good fertilizer, and it is usually 
easy to get rid of it without incurring expense Mud scrapei 
which often are easily constructed, as well as wheel elevaton^, 
have pioved very useful for taking up the semi-liquid mud deposit 
and transfer! mg it to level giound for drying By such an ai- 
rangement any deposit space is done away with and the mud dries 
much quicker and is handled easier 

A valuable waste material aie beet-tails which drop down 
with the water and dirt through giatings and small openings m 
carneis, rakes and washers, the amounts of this material de- 
pendmg on the quality of the beets, and the way they aie un- 
loaded, transported and washed, as well as the width of gratings 
and openings The quantity usually vaiies from 1-2-} per cent 
the beets The sugar contained depends on the size of the tail 
the thicker ones having approximately the same as the beet, the 
finer ones contammg only 2-4 per cent The average sugar 
content can be taken as 8-10 per cent , the diy substances as 
12-16 per cent 

The water from hydraulic carriers and washers is passed over 
beet-tail catchers to remove the tails These are built like chip 
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catchers and have long slitted sieves which are kept clean by 
scrapers or brushes or are apparatus with drum sievefe,^ ]S'atu;^aIly^^^^i- 
all the larger impuiities of this nature m the water are "likewise 
caught, such as leaves, weeds and stones 

The simplest use for these tails is directly as a fodder They 
must be fed piomptly, as they soon sour and the cattle will not 
eat them Hence, as it is seldom possible to feed the tails at once, 
they are moie conveniently mixed with the pulp residues for 
foddering or ensilage 

These tails could be utilized much better if chopped up and 
put into either the difi users or driers Putting them in the 
diffusers is most piofitable, as the greater part of then sugar will 
bo extracted in the juice, the balance going to the pressed chips 
The puiity of the juice exti acted fiom the beet-tails is of 
course less than fiom the noimal beet juice, raiely leachmg SO, 
but usually being 70-75 

Nevertheless, good massecuites are obtained after the lime 
punfication, so that putting the beet-tails into the cliff usei'^ give*^ 
a distinctly gi eater sugar yield 

These beet pieces must be washed and fieed fiom stones befoie 
they are cut up, for which small washers, built on the piinciple of 
the ordinal y beet washeis, serve The cutting up is done by 
special machines, usually having two toothed wheels lunnmg in 
opposite directions, slicing machines not woiking on account of 
fibre and leaves The cuttings are mixed with the fiesh chips foi 
diffusion, pressing and drying 

The beet-tail cuttings are somewhat less extracted in the 
diffusion than are the regular chips, but at least 70-80 pei cent 
of their sugar is extracted in the juice The dried product repre- 
sents 12-16 per cent of the fresh beet-tails 

Beet-tops which are removed mechanically fiom the dirty 
waters are prized as fodder and paid foi according to then food- 
value Recently they have been cut up and either extracted 
with the chips or dried directly 

The waste-waters from the factory are always a source of 
more or less care and expense The dirty waters leaving the 
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factory are from the hydraulic carriers, the beet-washers, and the 
waste-wateis from diffuseis and filtei -presses If the pi ess-cake 
is mashed with watei and pumped to settling tanks, there is this 
clarified water m addition. Only in exceptional cases would puie 
water be mixed with these waste-waters, as any excess of pure 
water is utilized foi hydiaulic earners oi recovered. The amount 
of waste water for each 100 lbs of beets is about as follows 

From the earners and washers . 60 to 84 gallons 

From the diffusion and waste- waters 13 2 IS “ 

From the ch p presses 3.6 '' 6 '' 

Other wash- and waste-waters . 0 6 12'^ 

Total 77 4 to 109 2 

For a factory working up about lOHO tons of beets dady 
the amount of watei used is, therefore, from 1 6 to 2 2 million 
gallons. 

In these waste-waters the floating particles aie not the most 
injurious, but the dis&olved constituents The solid, floating part 
can be removed at once by the beet-tail and pulp strainers and 
subsequent settling in decanting tanks of appropriate size 

It is very advantageous to treat the waste waters in separate 
lots, taking the hydraulic-carrier and wash-waters, which are 
particularly dirty, as one and the waters from the diffusion as 
another portion. The latter contain by far the most orgamc 
matter, about 0 15-0 30 per cent, of sugar or 1500-3000 grams 
in a cubic meter (12 5-25 lbs. per 1000 gals ), and practically the 
same amount of nen-sugar of which the major part is organic. 
It should be remembered that this dirty sugar and organic matter 
comes out of the beets, the water holding at least 20-50 grams of 
sugar per cubic meter ( 17-42 lbs per 1000 gals.), rising with 
frozen beets to 500 grams (4 2 lbs per 1000 gals ). 

Only a few factories are so fortunately situated as to have an 
abundant supply of pure, fresh water for all departments, and at 
the same time be able to discharge all the mechanically clarified 



WASTE-PRODUCTS AND SWEET-WATERS. 


301 


vaste-waters into a large stream. In all other factories the solu- 
tion of the water problem depends on whether the waste-wateis 
nust be used over again, owing to the plant being short of water' 
Dr because of the difficulty of their disposal In either case the 
mdcavor is to draw out as little of these waters as possible. For 
bhe purification of the unavoidable waste-waters, the aim is to 
convcit, by fermentation or oxidation, the complicated organic 
substances whi h the water contains into their simplest or, so to 
speak, inorganic constituents, as, for instance, sugar into water 
and caibonic dioxide, n trogenous substances into ammonia and 
nitrates 

The amount of waste-waters can be reduced the most by 
separating the dill’usion waste-waters and working them back, 
either in the diifuseis, the pi esses oi in the scalding process 

Another wa> of locovciy of the waste-waters is to allow the 
diffusion watcis to loinient, without lime, in sepaiate basin>, 
eithci by theiusclvos 01 attci mixing with the claiified foul at ei^ 
The lesultmg (‘laidicil acid \^atels aie used foi geneial diffubion 
purposes and piehsuic waltM This makes no tiouble in the 
diffusion if the tom[)eiatuic of the last cell is biought up to 70°- 
80° C (l()0°-17r)° F ) as quickly as possible, the lesulting juice 
and sugai being of noimal qualit}' Neveitheless, this method 
of wastc-watei utilization should only be looked to as a last resoit 
as such wateis contam notable amounts of injurious non-sugais 
which must lower the puiity of liquors and massecuites More- 
over, pumps, piping and filtei -press scieens are injuied by the 
strongly acid water, and often the odor of sulphuietted hydiogen 
IS by no means a pleasant accompaniment 

Nowadays almost everyone has given up the use of chemical 
agents foi precipitating the soluble impurities in unfermented 
waste-waters and for the hastening the settling On the other 
hand, calcium carbonate, cheapest in the form of press scums, is 
known to be of much advantage both in fermented and un- 
fermented waters, as it neutralizes the acid and the feimenta- 
tion proceeds much more energetically in neutral or weakly acid 
solutions. 
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Caustic lime purifies fermented waters to a considerable extent, 
as it precipitates organic matter. Hence, addition of milk of 
lime is strongly recommended. This fermentation is carried out 
in wooden tanks as the ingenious apparatus used for purifying 
city sewage is not practicable for this purpose owing to the large 
amounts of unfermentable and putrefactive matter 

The fermented water which in certain instances is again puri- 
fied with lime is usually put on a filter-bed, whence it comes pure 
as far as is possible according to the present state of our knowl- 
edge The success of thu purification depends especially on the 
caie exercised in overseeing the different stages of process an 1 
upon having the rotting tanks and filter-beds of sufficient size 
The problem of complete purification of the waste-waters fiom 
a sugar-factory is, therefore, an unsolved one, and is piobably not 
capable of solution It cannot be expected that the water be 
completely purified, and local circumstance will decide to what 
extent this puiification is necessaiy and can be earned out 
Wheie the w’^ater can be let into a large stieam simple clarifi- 
cation in the settling-tanks, together with the self-purification 
of the running watei, is sufficient to make impuiities umnjunous 
in a short time, and if small amounts of slime do lun off with 
the watei they do no harm Moieover, the dissolved impuntiei# 
through the self-purification of the stream soon become harmless 
The smaller the stream the less the dilution of the waste-water, 
and hence the more thorough must be the puiification to insuio 
harmlessness and the greater the necessity of cutting down tlie 
waste-waters and utihzmg them in process. 

The waste-waters from a sugar-factory are not injurious to the 
health of man or beast, but when there are only small streams of 
runmng water for their disposal they may be capable of producing 
very disagreeable phenomena. They are not of themselves directly 
injurious to the fish in the streams, but this cannot be said of molds 
which are formed from them In the course of time these molds 
may decay and in the process generate so much hydrogen-sulphide 
gas that all of the fish may be killed 

To determine to what extent the purification of waste-waters 
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should bo (‘iirriotl out it is necessary to know the nature of the 
c^^gimisnis tU'vc^lopod hi the stream into which they go. There are 
tluvo kintls of luicro-organisins which need chiefly to be considered ‘ 
Icptomitui^, .^pliwrotilnHj and hvgguitoa Leptonntus is found in rela- 
th (‘Iv puiv waiors, so that its formation indicates that the water 
has Ijcou sunicuaidy [)uriftcHl. HplmroHus develops in impure 
walt'r, \\hil(' higgatioa oc<‘urs in ill-smclling water containing putrid 
malt or, IhohC' two latter, therefore, indicate that the water has not 
been sullieienlly purilied. 



CHAPTER XXIX. 


ANALYSIS OF BEETS, SIRUPS, AND SUGAR PRODUCTS. 

The Average Composition of Juices, Sirups, Masse cuites, and Sugars 
OF A Factory for the Campaign, 1898-99 

(a) JUICES AND sirups 
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(5) MASSECUITES, SUGAR, AND MOLASSES 
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Campaign of 1902-03. 

(a) JUICES AND SIRUPS. 
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SUMMARY 

OF THE Aijklaxinitt (PhenolphthaleTin) op Juices, Sirups, Massecuites, 

AND SUGAH OP A FACTORY FOR DIFFERENT YeARS 


Sirups blank boiled Boiled to grain 


Method of Boiling 1896-97 1897-98 1898-99 1900-01 1901-02 


Pol I Aik Pol Aik Pol Aik Pol Aik Pol Aik 

Juice, I saturation — 0 082 — 0 072 — 0 087 — 0 084 — 0 089 

Juice, II saturation — 0 021 — 0 043 — 0 048 — 0 043 — 0 039 

Thin 3uice 10 2 0 021 10 7 0 042 10 9 0 047 10 5 0 041 10 1 0 034 

Unsat thick juice — — — 0 100 — 0 110 — .0 095 — 0 093 

Sat thick juice 53 5 0 034 51 5 0 035 48 0 0 039 50 6 0 030 52 8 0 033 
Massecuite cooked 1 

■with sirup 82 6 0 038 S3 3 0 063 83 5'0 064 83 5 0 044 82 2 0 043 

I Raw sugar 95 2 0 006 96 0 0 011 96 1 0 011 96 4 0 011 96 4|0 008 

I Purgings 54 2 0 100 57 9 0 109 56 5 0 110 59 0 0 046 58 9 0 104 

II Massecuite 63 5 0 077 66 3 0 108 67 1 0 120 68 5 0 092 67 o'o 082 

II Raw sugar 92 2 0 006 93 5 0 016 92 1 0 015 93 2 0 013 93 7 0 012 

III Massecuite 55 5 0 092 50 4 0 132 58 7 0 140 — — •— — 

III Raw sugar 92 1 0 007 92 0 0 024 90 8 0 010 — — — — 

Molasses 48 3 0 080 48 2 0 120 47 8 0 080 49 5 0 075 50 5 0 103 


Analyses op Beets prom Different Provinces 
September 22, 1898 

(Herzfeld, Vereinszeitschnft 1808, S 828 ) 


A\ erage 

weight o ® ? Composition 

in grams 



One 

beet 

Of 

leaves 

Eoo 

£ 

Sugar 

Total 

ash 

Sole 

ash 

Nitio- 

gen 

Mark 

Silesia 

416 

516 

1 24 

12 9 

0 95 

0 S3 

0 24 

4 95 

Pommerama 

340 

217 

0 64 

16 7 

0 72 

0 45 

0 20 

4 37 

Saxony 1, . 

458 

363 

0 71 

16 6 

1 01 

0 82 

0 21 

5 15 

Saxony 2 , 

320 

300 

0 94 

14 9 

0 82 

0 60 

0 16 

5 23 

Hanover, 

412 

321 

0 78 

15 2 

1 03 

0 48 

0 17 

1 4 84 

Rhme 

352 

428 

1 22 

13 7 

1 12 

0 59 

0 18 

4 71 
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ANAL'tHis OP DimmioN JtncEs, Massbcuitbs, and Molassfs pkom 
Bohemian Factoiues. 

(Amlrlik, B<ilmi Zwtadirift lllOO, S 203-264; 1901,8 247; undl907,S 441) 
(Campaisn 1898-99 ) 



DitTusion jinue 



Mossecuite 

I'tu tot\ 

(1 b r 

d 

V 

a 1 

i 1 c 


pulaiivsadtm 

- 1 - — no 7 

90 5 

87 6 

87 15 

85 76 

\Valt‘i 

- 3 00 

4 72 

4 55 

4 88 

6 02 

Asli (cuib’uM) 

— 2 14 

2 16 

2 49 

2 66 

2 32 


--- [ 10 

3 02 

5 36 

5 32 

5 91 

C^iio(u*nt 

- - 03 5 

93 9 

91 8 

91 6 

91 2 

Oig 

Vsh 

_ - 1 0 

1 7 

2 1 

2 0 

2 6 

AlU plK*nol 

-- 0 017 

0 004 

acid 

0 028 

acid 


On 100 parts of diy aubstance 


O'otal 

2 

77 3 00 3 

SI 

3 

79 i 

23 

2 

21 

2 

24 

2 

61 

2 

80 

2 

47 

1 N>t 

1 

3 1 1 31) 1 

72 

1 

55 1 

40 

1 

25 

1 

19 

1 

37 

1 

59 

1 

41 

StuUi 

0 

12 0 0‘I0 

li) 

0 

too 

11 

0 

15 

0 

20 

0 

27 

0 

19 

0 

13 

I <UU(' 

0 

()()0 0! 0 

03 

0 

00 0 

12 

0 

01 

0 

02 

0 

02 

0 

03 

0 

04 

IMio‘' tu’ul 

i) 

37 0 19 0 

01 0 

10 0 

35 

0 

005 

0 

Oil 

0 

003 

0 

014 

0 

009 

( 'hioi iiH‘ 

0 

22 0 17 0 

ISO 

210 

21 

0 

13 

0 

17 

0 

10 

0 

14 

0 

17 

0 

05 0 OS 0 

07 0 

OS 0 

00 

0 

10 

0 

00 

0 

07 

0 

07 

0 

07 

'rotnl iutinj.!:<*n 

0 

S7lo 00 0 

75 1 

31 0 

SO 

0 

37 

0 

41 

0 

50 

0 

45 

0 

57 

Vlluunuuiul 

nitnigcn 

0 

3o'o 2S 0 

20 0 

29 0 

32 

0 

03 

0 

03 

0 

05 

0 

04 

0 

04 

Ainmoinani' 

tinj^pn 

0 

11 0 15 0 

09 0 

11 0 

10 

0 

00 

0 

03 

0 

05 

0 

03 

0 

02 

Ammo Hcul 
nilroppii 

1 

0 

14 0 21 0 

32 0 

3.S 0 

33 

00 

0 

24 

0 

26 

0 40 

0 

27 

0 

44 

Oxalic acid . . 

0 

40 0 SO 0 

91 0 00 0 


' — 


' 
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BEET-SUGAR MANUFACTURE. 


COMPARATIVE SUMMARY 


OP THE Composition op Different Juices of 1899-1900 (normal 
weather) and those op 1904-5 (very dry year) per 100 Parts Sug^r. 


Per 100 parts sugar 1899-1900 1904-05 


Potash 

1 

58 

1 

11 

Soda 

0 

22 

0 

17 

Sulphunc acid 

0 

19 

0 

21 

Chlorine 

0 

08 

0 

06 

Phosphoric acid 

0 

47 

0 

27 

Oxahc acid. . 

0 

71 

0 

49 

Total nitrogen. 

0 

72 

0 

93 

Albuminoid mtrogen 

0 

24 

0 

22 

Ammoma and ammo nitrogen 

Betam mtrogen , 

0 

10 

0 

17 

0 

10 

0 

24 

Other nitrogen 

0 

28 

0 

29 

Acidity 

0 

53 

0 

36 


Molasses 


Factory 1 2 3 4 6 6 7 8 


Polarization 

47 

2 

48 

0 

47 

4 

46 

6 

49 

0 

47 

4 

47 

2 

51 

1 

Saccharose (Herzfeld) 

48 

8 

49 

8 

47 

9 

47 

9 

49 

2 

47 

7 

47 

5 

51 

5 

Water 

21 

64 

20 

35 

20 

66 

18 

14 

16 

87 

19 

91 

22 

49 

IS 

SO 

Ash (carbonated) 

8 

68 

9 

14 

8 

71 

10 

10 

10 

95 

10 

49 

9 

54 

9 

11 

Organic non-sugar 

20 

88 

20 

71 

22 

77 

23 

86 

22 

98 

21 

90 

20 

43 

20 

63 

Quotient 

62 

3 

62 

5 

60 

3 

58 

5 

59 

2 

59 

6 

61 

3 

63 

4 

Organic non-sugar Ash 

2 

4 

2 

3 

2 

6 

2 

4 

2 

1 

2 

1 

2 

2 

2 

3 






In 

100 

parts dry i 

substance 





Total ash 

11 

08 

11 

48 

10 

1 

98 

12 

37 

13 

18 

13 

10 

12 

31 

11 

21 

Potash 

6 

29 

6 

52 

6 

26‘ 

6 

66 

7 

07 

6 

60 

6 

71 

6 

20 

Soda 

0 

84 

0 

87 

0 

81 

1 

00 

1 

09 

1 

41 

0 

72 

1 

09 

Lime 

0 

14 

0 

22 

0 

19 

0 

14 

0 

21 

0 

19 

0 

69 

0 

09 

Magnesia 

0 

04 

0 

04 

0 

04 

0 

21 

0 

03 

0 

04 

0 

05 

0 

05 

Phosphoric acid 

0 

01 

0 

03 

0 

04 

0 

04 

0 

08 

0 

07 

0 

04 

0. 

10 

Sulphunc acid 

0 

18 

0 

21 

0 

17 

0 

56 

0 

37 

0 

31 

0 

15 

0 

16 

Chlonne 

0 

38 

0 

42 

0 

39 

0 

48 

0 

48 

0 

50 

0 

43 

0 

37 

Total mtrogen 

2 

22 

2 

47 

2 

37 

2 

62 

2, 

60 

2 

40 

2 

41 

2 

24 

Albuminoid mtrogen 

0 

22 

0 

18 

0 

26 

0 

19 

0 

14 

0 

13 

0 

29 

0 

17 

Ammoma mtrogen 

0 

07 

0 

06 

0 

04 

0 

09 

0 

07 

0 

08 

0 

07 

0 

05 

Amino acid mtrogen 

1 

24 

1 

36 

1 

15 

1 

47 

1 

59 

1 

63 

1 

22 

1 

46 

Nitrate nitrogen 

0 

06 

0 

07 

0 

06 

0 

02 

0 

09 

0 

02 

0 

04 

0 

02 



APPENDIX I 



FORMULAE AND TABLES. 


The following tables, formulae, and general data are thos 
which interest the technical sugar men chiefly. It seems wise i 
add them to the book, partly because they are not generall 
given in the other works and calendars on sugar-making, or £ 
best in an incomplete or mcomprehensive form Only thos 
tables and formulae are given which it is believed may prove c 
benefit particularly in the factory control. 


Formulae. 

1. Formula for calculating the weight of water (T7) which mm 
he evaporated from G pounds of thin juice at Bnx to give a thic 
juice of Bnx 

2. Formula for calcidating the amount (F) of thick juice {masse 
cuite) of B° Bnx which will be obtained from G pounds of thii 
juice at 6® Bnx • 


Remark' In the above formulae for accurate computation th( 
true weight of the dry substance should be taken rather than th( 
apparent weight. 

3. Formulae for calculating yield : 

Let Ftf Zt, St =the dry substance contamed respectively in 
the massecuite, the sugar, and the sirup, 

Fjj, Zpf /Sp= polarization of the massecuite, the sugar, and 
the sirup, 

Fg, Zgj ASg=the quoticut (true) of the massecuite, the 
sugar, and the simp; 
a;= yield m per cent. 

(a) HullarSuchomers formula. 
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Qi) Sfliru'idor’.s fonnula: 




Pv~Sp 

Zp-Sp 


(<•) Nuuinuiin’s forumla: 


x =- 100 


Ft-Pt 

Zt-8i 


Remark - iMirmula («) is goncrally applicable, even when the 
{•pnlrifnSiUcd sirup has bmi diluted in any way, formulse (b) and 
(c) can 1 k‘ ir ed oiilv wlu'ii there has been no dilution of the juice 
diiriufi: feiitnlii'intidii 

t Saturation formula for sirups : 

A siiii]) satniidcd ul, the temperature t, of true purity q, has 
the fdlldwiiin 1 ^ 111 ^ 1 ( 1 ^ 01(111 (amount of water W, amount of sugar 
present /) if the siit unit Kill latio between a pure-sugar solution 
at the teiu]iei!i(uie / ki and the cdcllieicnt of saturation is c. 


It' 


'/ 

L, r-l OOli;’ 


Z - ( 100 - 11 ') 


7 

100 


If the cdinjidsitidii of a siiuii supei saturated in a definite way 
Is to he dill aim'd, then t he eoellieient c in the above formula should 
111 ' multiplu'd li\ th(' ciiii'Chpdnding supersaturation-coefficient Ci, 
and the lormula is then 

** LiC-ci-OOlg 


f). Formulse for evaporation and heating: 
(«) Total heat, of the saturated steam is 


^-000.5+0 306t 


(h) The heat of evaporation of tho saturated steam is 
r-= 006.0 -0.695<, 


where t is tho tomperaturo of the steam. 

(e) Tho amount of steam (/.S) required for the evaporation of one 
kilogram (2.2 lbs.) of water, when the temperature of the boiling 
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juice IS Uj that of the steam is tdi and that of the condensed watei 
fe, IS 

„ 606 5-0 6954 

606.5+0 305^d-4' 

or if td is made equal to 4; which is approximately true, then 

606 5-0.6954 




606.5-0 6954 ' 


(d) Calculation of the amount of steam (S) required for heating 
one kilogram (2 2 lbs ) of juice in the preheaters when the tempera- 
ture of the steam is 4, of the condensed water 4, of the jmce on 
entering 4 and on leavmg fe. 


8 ^ 


4 4 

606.5 + 0.305 crd- 4)' 


{e) The amount of steam (8) for heating one kilogram of juice 
by direct steam, using the same notation as under (d); 


5 - 


4 ““4 

606.5 + 0.305(4-4)* 


6 Formula for the condensation of steam: 

The amount of water (W) required to condense one kilogram 
(2 2 lbs.) of steam when its temperature is 4, that of the injected 
water is 4 and of the condenser- water is is 

305(4-4) 

4-4 

7. Formula for the heat transmission through a metal wall. 


H is the total quantity of heat, A the area of heating surface, 
4 “4 the temperature fall, D the thickness of the wall in 
millimeters, and C the conductivity coefficient for the material 
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coniposiiis the wall (C for brass bcmg 1700, for iron 1400, and 
for wnli'r 1 1) . 

In ealcnlations based on this formula, the thickness of the 
heat wall is to be increased to allow for the thickness of moving 
fdm of watc'r or hciuor, an undetermined value which can only 
b<‘ appnixiinaU’d, being {>,\pr(!ss('d in millimeters of metal of 
the same conductivity. 

S. Formula for the fire-room. 

(a) The c'xcess of air 

( '( }j o the()ret.ical air necessary (18 9 for coal) 
(’Oa found in flue gases 


T—t 

(h) The heat lost in the flue gases = - .A:, where A =0.66, 

OOa found ’ 

7' lenipeiaturi' ol flue gases, and <=thc temperature of the 
air. 
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TABLES. 

1, Solubility of Limb in Water. 
(Herzfeld, Deutsche Veremszeitschnft, 1897, p 819.) 


At the tein> 
perature of 

Parts of water 
for one part 
CaO 

At the tem- 
perature of 

Farts of water 
for one part 
CaO 

15® 0 

776 

60° C. 

1044 

20® 0 

813 

66° C. 

1108 

25® 0 

848 

60° C 

1158 

30® 0 

885 

65° C 

1244 

35® 0 

924 

70° C. 

1330 

40® 0 

962 

76° C. 

1410 

45® 0 

1004 

80° C 

1482 


2. Solubility op Limb in Sugar Solutions 
According to Lamy, there will dissolve in 100 grams of ten per cent sugar 
solution 


o 

O 

< 

25 0 grams CaO 

15® 

21 5 

tt ct 

o 

O 

CO 

12 0 

{ ( (t 

» 50® 

5 3 

a it 

o 

O 

2 3 

a tt 

“ 100° 

1 55 

tt tt 


Remark — ^The solubility of lime m sugar solution depends not alone 
upon the temperature and the amount of sugar in solution, but also upon 
the nature of the lime added, as well as the duration of the action. 

3 T^ble showing the Amount op Caustic Lime contained in Milk op 
Limb at 15® C (Blattner) 


Deg 

Bnx 

Degree 

Baumd 

Weight 
of one 
litre 
milk of 
lune 

CaO 

per 

litre 

Per 

cent 

CaO 

Deg 

Brix 

Degree 

Baum^ 

Weight 
of one 
litre 
milk of 
lime 

CaO 

per 

litre 

Per 

cent 

CaO 

1 8 

1 

grams 

1007 

grams. 

7 5 

0 74£ 

29 

16 

grams 

1125 

grams 

159 

14 13 

3 6 

2 

1014 

16 5 

1 64 

30 8 

17 

1134 

170 

15 

5 4 

3 

■^1022 

26 

2 54 

32 7 

18 

1142 

181 

15 85 

7 2 

4 

1029 

36 

3 5 

34 6 

19 

1152 

193 

16 75 

9 

5 

1037 

46 

4 43 

36 4 

20 

1162 

206 

17 72 

10 8 

6 

1045 

56 

5 36 

38 3 

21 

1171 

218 

18 61 

12 6 

7 

1052 

65 

6 18 

40 1 

22 

1180 

229 

19 4 

14 4 

8 

1060 

75 

7 08 

42 

23 

1190 

242 

20 34 

16 2 

9 

1067 

84 

7 87 

43 9 

24 

1200 

265 

21 25 

18 

10 

1075 

94 

8 74 

45 8 

25 

1210 

268 

22 15 

19 8 

11 

1083 

104 

9 6 

47 7 

26 

1220 

281 

23 03 

21 7 

12 

1091 

115 

10 54 

49 6 

27 

1231 

296 

23 96 

23 5 

13 

1100 

126 

11 45 

51 5 

28 

1241 

309 

24 9 

25 3 

14 

1108 

137 

12 35 

53 5 

29 

1252 

324 

25 87 

27 2 

15 

1116 

148 

13 26 

55 4 

30 

1263 

339 

26 84 
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4. Table showinq the Solubility op Sugar in Water at Dippebent 
Temperatures 

(llcpiilculutcil from Ilerafeld, Deutsche Veremszeitsehrift, 1892, p 181) 

0 IP part of water will diasolve — 


Tempera- 

ture. 

0° 

Parts t)f 
sugar 

Tompera- 

tuio, 

C“ 

P-iits of 
sugar 

Tempera- 

ture, 

C° 

Parts of 
sugar 

Tempera- 

ture. 

C“ 

Parts of 
sugar 

0 

1 70 







1 

1 SO 

20 

2 12 

51 

2 62 

76 

3 44 

2 

1 SI 

2/ 

2 14 

52 

2 05 

77 

3 48 

3 

1 82 

2S 

2 10 

53 

2 67 

78 

3 52 

4 

1 S3 

20 

2 17 

54 

2 70 

79 

3 57 

5 

1 S4 

30 

2 19 

55 

2 73 

80 

3 62 

() 

1 S() 

31 

2 21 

50 

2 7b 

81 

3 66 

7 

1 sr 

32 

2 23 

5r 

2 78 

82 

3 71 

S 

1 SS 

33 

2 25 

58 

2 81 

83 

3 76 

{) 

1 SO 

31 

2 27 

59 

2 84 

84 

3 81 

10 

1 00 

35 

2 2) 

00 

2 87 

85 

3 86 

11 

1 01 

30 

2 30 

01 

2 00 

86 

3 92 

12 

1 02 

37 

2 32 

02 

2 93 

87 

3 98 

13 

I 01 

3S 

2 34 

03 

2 96 

88 

4 03 

14 

1 00 

30 

2 30 

04 

2 99 

89 

4 09 

If) 

1 07 

40 

2 38 

05 

3 03 

90 

4 15 

10 

1 OS 

U 

2 40 

0t> 

3 Oj 

01 

4 21 

17 

1 Oi) 

42 

2 42 

07 

3 09 

02 

4 2S 

IS 

2 01 

43 

2 14 

08 

3 13 

93 

4 35 

10 

•2 02 

41 

2 10 

0) 

3 16 

94 

4 42 

20 

2 04 

45 

2 48 

70 

3 20 

95 

4 48 

21 

2 05 

40 

2 51 

71 

3 24 

96 

4 55 

22 

2 07 

17 

2 53 

72 

3 28 

97 

4 £3 

23 

2 08 

48 

2 55 

73 

3 31 

98 

4 71 

24 

2 00 

40 

2 58 

74 

3 35 

99 

4 79 

25 

2 11 

50 

2 ()0 

. 75 

3 40 

100 

4 87 
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5. Table op Temperatures corresponding to the Tensions op Saturated 

Steam. 


(Gaassen, Deutsche Vereinszeitschnft, 1893. p 268 ) 

I. For Evaporation 
(a) From 0 to 75 cm vacuum 


Absolute 

1 

1 m cm 

Vacuum 

cm incbes 

Temperature 

C® F® 

1 

III 

Vacuum 

cm inches 

Temperature 

C® F® 

1 


75 


29 

5 

11 

3 

52 3 

23 

5 

52 

5 

20 

7 

70 

2 

158 

2 


74 


29 

1 

22 

4 

72 3 

24 


52 


20 

5 

70 

7 

159 

3 


73 


28 

7 

29 

1 

84 4 

24 

5 

51 

5 

20 

3 

71 

2 

160 

4 


72 


28 

3 

34 

2 

93 6 

25 


51 


20 

1 

71 

6 

161 

5 


71 


27 

9 

38 

3 

101 

25 

5 

50 

5 

19 

9 

72 

1 

162 

6 


70 


27 

6 

41 

7 

107 

26 


50 


19 

7 

72 

5 

162 

6 

5 

69 

5 

27 

4 

43 

2 

110 

26 

5 

49 

5 

19 

5 

73 

0 

163 

7 


69 


27 

2 

44 

6 

112 

27 


49 


19 

3 

73 

4 

164 

7 

6 

68 

5 

27 

0 

46 

0 

115 

27 

5 

48 

5 

19 

1 

73 

9 

165 

8 


68 


26 

8 

47 

2 

117 

28 


48 


18 

9 

74 

3 

166 

8 

5 

67 

5 

26 

6 

48 

4 

119 

28 

5 

47 

5 

18 

7 

74 

7 

166 

9 


67 


26 

4 

49 

6 

121 

29 


47 


18 

5 

75 

1 

167 

9 

5 

66 

5 

26 

2 

50 

7 

123 

29 

5 

46 

5 

18 

3 

75 

5 

168 

10 


66 


26 

0 

51 

7 

125 

30 


46 


18 

1 

75 

9 

169 

10 

5 

65 

5 

25 

8 

52 

7 

127 

30 

5 

45 

5 

17 

9 

76 

3 

1C9 

11 


65 


25 

6 

53 

6 

128 

31 


45 


17 

7 

76 

7 

170 

11 

5 

64 

5 

25 

4 

54 

5 

130 

31 

5 

44 

5 

17 

5 

77 

1 

171 

12 

'5 

64 


25 

2 

55 

4 

132 

32 


44 


17 

3 

77 

5 

171 

12 

63 

5 

25 

0 

56 

3 

133 

32 

5 

43 

6 

17 

1 

77 

9 

172 

13 


63 


24 

8 

57 

2 

135 

33 


43 


16 

9 

78 

2 

173 

13 

5 

62 

5 

24 

6 

58 

0 

136 

33 

5 

42 

5 

16 

7 

78 

6 

173 

14 


62 


24 

4 

58 

7 

138 

34 


42 


16 

5 

79 

0 

174 

14 

6 

61 

5 

24 

2 

59 

5 

139 

34 

5 

41 

5 

16 

3 

79 

3 

175 

15 


61 


24 

0 

60 

2 

140 

35 


41 


16 

1 

79 

7 

175 

15 

5 

60 

5 

23 

8 

61 

0 

142 

35 

5 

40 

5 

15 

9 

80 

0 

176 

16 


60 


23 

6 

61 

6 

143 

36 


40 


15 

7 

80 

4 

177 

16 

5 

59 

6 

23 

4 

62 

3 

144 

37 


39 


15 

3 

81 

0 

178 

17 


59 

5 

23 

2 

63 

0 

145 

38 


38 


15 

0 

81 

7 

179 

17 

5 

58 

23 

0 

63 

6 

146 

39 


37 


14 

6 

82 

4 

180 

18 


58 


22 

8 

64 

2 

148 

40 


36 


14 

2 

S3 

0 

181 

18 

5 

57 

5 

22 

6 

64 

8 

149 

41 


35 


13 

8 

83 

6 

182 

19 


57 


22 

4 

65 

4 

150 

42 


34 


13 

4 

84 

2 

184 

19 

5 

56 

5 

22 

2 

66 

0 

151 

43 


33 


13 

0 

84 

8 

185 

20 


56 


22 

0 

66 

5 

152 

44 


32 


12 

6 

85 

4 

186 

20 

5 

55 

5 

21 

8 

67 

1 

153 

45 


31 


12. 

.2 

86 

0 

187 

21 


55 


21 

6 

67 

6 

154 

46 


30 


11 

8 

86 

5 

188 

21 

6 

54 

5 

21 

5 

68 

1 

155 

47 


29 


11, 

A 

87 

1 

189 

22 


54 


21 

3 

68 

7 

156 

48 


28 


11 

0 

87 

7 

190 

22 

5 

53 

5 

21 

1 

69 

2 

157 

40 


27 


10. 

6 

88 

2 

191 

23 


53 


20 

9 

69 

7 

157 

50 


26 


10 

2 

88 

7 

192 
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5a. Tabi^k of T»mp»uatxtrbs oouKEftPONDmo TO the Tensions op Satu- 
KATBi) Btbam — Conhmed , 


lia Vacuum Tomperaturo. ||d Vacuum. Temperature ' 

o|c q|8 

< A'S inchoH. C.® P,® <j cm mohes, C.® P ® 


r)i 

25 

0 

84 

80,2 

100 

01 

12 

4 

72 

95 

3 

203 


2i 

1) 

15 

80 7 

100 

06 

11 

4 

33 

96 

7 

204 


2:{ 

9 

00 

00 2 

101 

00 

10 

3 

94 

96 

1 

205 

54 

22 

s 

00 

00.7 

105 

07 

9 

3 

54 

96 

5 

206 

55 

21 

s, 

,27 

01.2 

190 

08 

8 

3 

15 

96 

9 

206 

50 

20 

7 

87 

01.7 

107 

00 

7 

2 

76 

97 

3 

207 

57 

11) 

7 

4S 

02 2 

108 

70 

0 

2 

30 

97 

7 

208 

5S 

IS 

7 

01) 

02 0 

100 

71 

5 

1 

97 

9S, 

,1 

209 

51) 

17 

() 

'll) 

00 1 

200 

72 

4 

1 

57 

98 

5 

209 

00 

to 

t» 

00 

00 5 

200 

73 

3 

1 

IS 

98 

9 

210 

01 

15 

5 

1)1 

01 0 

201 

71 

2 


70 

99 

3 

211 

0‘2 

n 

5 

51 

01 1 

202 

75 

1 


39 

99 

(3 

211 

iVS 

10 

5 

12 

01 S 

200 

70 

0 


0 

100 

0 

212 
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5. — (6) From 0 to 1 Atmosphere Excess Pressure 


C. o 

Pressure over 
oue atmosphere 

Temperature 

1! 

Pressure over 
one atmosphere 

Temperature 

sss 

•aSS 

m cm 

m lbs 



liJ 

in cm 

m lbs 



J«o 

of mer- 

per 

C° 

po 

J M O 

of mei- 

pel 

C“ 

po 

< 

cury 

sq m 



< 

cury 

sq in 



76 

0 

0 

100 0 

212 0 

115 

39 

7 53 

112 0 

233 5 

77 

1 

0 19 

100 4 

212 7 

116 

40 

7 72 

112 2 

234 0 

78 

2 

0 39 

100 7 

213 3 

117 

41 

7 91 

112 4 

234 5 

79 

3 

0 58 

101 1 

214 0 

118 

42 

8 11 

112 7 

235 0 

80 

4 

0 77 

101 4 

214 6 

119 

43 

8 30 

112 9 

235 5 

81 

5 

0 93 

101 8 

215 2 

120 

44 

8 49 

113 2 

235 0 

82 

6 

1 15 

102 1 

215 S 

121 

45 

8 68 

113 5 

236 3 

83 

7 

1 35 

102 5 

216 4 

122 

46 

8 87 

113 7 

236 7 

84 

8 

1 54 

102 S 

217 0 

123 

47 

9 07 

113 9 

237 1 

85 

9 

1 74 

103 2 

217 6 

124 

48 

9 26 

114 2 

237 6 

86 

10 

1 93 

103 5 

21S 2 

125 

49 

9 46 

114 4 

238 0 

87 

11 

2 12 

103 S 

218 8 

126 

50 

9 65 

114 7 

238 4 

88 

12 

2 32 

104 1 

210 4 

127 

51 

9 84 

114 9 

238 8 

89 

13 

2 51 

104 4 

220 0 

128 

52 

10 04 

115 2 

239 3 

90 

14 

2 70 

104 7 

220 6 

120 

53 

10 23 

115 4 

239 8 

91 

15 

2 89 

105 1 

221 2 

130 

54 

10 42 

115 7 

240 2 

92 

16 

3 08 

105 4 

221 7 

131 

55 

10 61 

115 9 

240 6 

93 

17 

3 28 

105 7 

222 3 

132 

56 

10 SO 

116 1 

241 0 

94 

IS 

3 47 

106 0 

222 8 

133 

57 

11 00 

116 3 

241 4 

95 

19 

3 67 

106 3 

223 3 

134 

58 

11 19 

116 6 

241 8 

96 

20 

3 86 

106 6 

223 9 

135 

59 

11 39 

116 8 

242 2 

97 

21 

4 05 

106 9 

224 4 

136 

60 

11 58 

117 1 

242 7 

9S 

22 

4 25 

107 2 

225 0 

137 

61 

11 77 

117 3 

243 1 

99 

23 

4 44 

107 5 

225 5 

138 

62 

11 97 

117 6 

243 5 

100 

24 

4 63 

107 8 

226 0 

139 

63 

12 16 

117 8 

244 0 

101 

25 

4 82 

108 1 

226 6 

140 

64 

12 35 

118 0 

244 4 

102 

23 

5 01 

108 4 

227 1 

141 

65 

12 54 

118 3 

244 9 

103 

27 

5 21 

108 7 

227 7 

142 

66 

12 73 

118 5 

245 3 

104 

28 

5 40 

100 0 

228 2 

143 

67 

12 93 

118 7 

245 7 

105 

29 

5 50 

100 3 

2*^8 7 

144 

68 

13 12 

118 9 

246 1 

106 

30 

5 79 

100 6 

229 2 

145 

69 

13 32 

119 1 

246 5 

107 

31 

5 98 

109 8 

229 7 

146 

70 

13 51 

119 4 

246 9 

lOS 

32 

6 18 

110 1 

230 2 

147 

71 

13 70 

no 6 

247 3 

109 

33 

6 37 

110 3 

230 6 

148 

72 

13 00 

119 8 

247 7 

110 

34 

6 56 

110 6 

231 1 

149 

73 

14 09 

120 0 

248 0 

111 

35 

6 75 

110 9 

231 6 

150 

74 

14 28 

120 2 

248 4 

112 

36 

6 94 

111 1 

232 0 

151 

75 

14 47 

120 4 

248 7 

113 

114 

37 

38 

7 14 

7 33 

111.4 
111 7 

232 5 

233 0 

152 

76 

14 67 

120 6 

249 1 
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r> -((’1 Riluliim liptwt'ou tho diflcuMit unite for mpasuring vacuo 


Atmo'i- 
itlioroM <it 
ahscihu*‘ 

\tnuH- 

<*f 

V}ltMU» 

Ktto< Ilf 
utisdiuio 

HU'ssuii) 

Kiliw }it. 
\tu*uo 

0 1 

0 U 

0 ll)i 

0 m) 

0 ‘J 

0 s 

0 lior 

0 .S2(i 

0 3 

0 7 

0 :n() 

0 72'A 

0 1 

0 

0 iia 

0 020 

0 f) 

0 r> 

0 7)17 

0 7)1(1 

0 <) 

0 \ 

0 ()J0 

0 h:{ 

0 t 

0 

0 7LM 

0 :{io 

0 S 

0 2 

1) HL7 

0 HOi) 

0 

0 i 

0 M.K) 

0 KM 

1 0 

0 0 

I 

0 0(H) 


Milh- 
mottos of 
moieurv. 
absoluto 
prossuro 

MUh- 
motroH of 
mercury, 
vacuo 

IncheN of 
mercury, 
absolute 
pressure 

Inches of 
meicury, 
vacuo 

70 

084 

3 

27 

17)1> 

008 

0 

24 

L2US 

7)32 

9 

21 

;ioi 

456 

12 

18 

m 

3S0 

15 

15 

47)0 

304 

18 

12 

7»;i2 

228 

21 

9 

oos 

152 

24 

6 

()S4 

70 

27 

3 

700 

000 

30 

0 


(il) Ui i,\niiN HI i\M 1 N nil' Dll M ui'NM' Umi I' fl Kdtt MmsuRiNQ Pressure 


\tmo^- 
Jllu il 4 Ilf 
(llMnlutt 
pM sum 

\lnuM 
pin M * i»f 

p|l HUIK 

Kllni 

pi 1 
ilU 

I’liiimls 
pi 1 
■U 111 

Vltnos- 

pht M'S (if 

.ibsoluP' 

pll HSUID 

Atmos- 
jilu M s of 
picssuin 

Kilos 

pci 

HCi ( ni 

Pounds 

p(U 

Mti in 

1 

0 

0 

0 

1 7 

0 

() 200 

SS 0 

*1 

1 

1 OM 

II 7 

S 

7 

7 2U 

102 7 

3 

1 

J 01)7 

*J‘) \ 

0 

S 

8 2(>7 

117 4 

1 

3 

3 100 

II 0 

10 

0 

<) 301 

132 1 

7) 

1 

t 1 11 

7)S 7 

11 

10 

10 334 

1 K) 7 

() 

7) 

7) lt)7 

73 1 
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5 — Table eor the Boiler House (Fliegener’s) 

0.1 to 10 Atmospheres. 

Pressure Temperature 


Kilos per 
sq cm 

Centimeters 
of mercury 

Pounds per 
sq men 

Centigiade 

Fahrenheit. 

0 1 

7 355 

1 42 

45 6 

114 1 

‘ 0 2 

14 71 

2 84 

59 8 

139 6 

0 3 

22 07 

4 26 

68 7 

155 7 

0 4 

29 42 

5 68 

75 5 

167 9 

0.5 

36 78 

7 11 

80 9 

177 6 

0 6 

44 13 

8 51 

85 5 

185 9 

0 7 

51 49 

9 95 

89 5 

193 1 

0 8 

58 84 

11 36 

93 0 

199 4 

0 9 

66 20 

12 79 

96 2 

205 2 

1 0 

73 55 

14 21 

99 1 

210 4 

1 5 

110 3 

21 32 

110 8 

231 4 

2 0 

147 1 

28 42 

119 6 

247 3 

2 5 

183 9 

35 53 

126 7 

260 1 

3 0 

220 7 

42 63 

132 8 

271 0 

3 5 

257 4 

49 74 

138 1 

280 6 

4 0 

294 2 

56 84 

142 8 

289 0 

4 5 

331 0 

63 95 

147 1 

296 8 

6 0 

367 8 

71 05 

151 0 

303 8 

5 5 

404 5 

78 16 

154 6 

310 3 

6 0 

441 3 

85 26 

157 9 

316 2 

6 5 

478 1 

92 27 

161 1 

322 0 

7 0 

514 9 

99 47 

164 0 

327 2 

7,5 

551 6 

106 58 

166 8 

332 2 

8 0 

488 4 

113 7 

169 5 

337 1 

8 6 

625 2 

120 8 

172 0 

341 6 

9 0 

662 0 

127 9 

174 4 

345 9 

9 5 

698 7 

135 0 

176 7 

350 1 

10 0 

735 5 

142 1 

178 9 

354 0 
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G Table Showing the SpEciii’ic Heat op Steam at Different 
Pressureb and Temper \.tures, 

(Zoitschrifi Deutsclicr Ing. 1907, Nr 3 u 4 ) 

Values of Cp 

l»u‘rtsuio, Atm IcK poi 1 ems I 2 4 G 8 10 12 20 


MmMmu UnnimaUuo 9‘) 120 113 IGS IGD 170 187 211 


Hpoiifu' Heats 


At the saUmition teiBp'tiiu* 0 
At 100 0 

At 17)0 0 

At 200 0 

At 250 0 

At 300 
At 350 


1030 180 0 513 0 548 0 583 0 0210 GOO 0 805 
KWO 170 0 510 

102 0 472 0 4‘)2 0 513 0 53S 0 572 0 013 — 

100 0 173 0 184 0 401 0 400 0 500 0 5110 550 

0 474 0 178 0 485 0 400 0 403 0 407 0 500 0 SOS 

0 100 0 402 0 407 0 500 0 503 0 500 0 508 0 513 


At 400 


0 5110 512 0 515 0 517 0 510 0 521 0 522 0 527 


7 Table Showinm, the iNriiEvsn in BoiLiNci-poiNT op Pure and Impitrc 
S iKiAR Solutions 

danssen (Veieinszeitschiifl 1004, S llGl ) 


>•(3 

u 

P 


liK M*a.st' lu boilitiK pmel 5)r a solution of puntv 


“Sis 100 03 83 73 02 

_ _ _ 

L. S O r - , 


i 

G° 

1 

) 

1 

JfO 

( ‘ 


le 


( 


l-° 

CO 


5 

0 

05 

0 

00 

0 05 

0 Oi) 

0 

05 

0 

01) 

0 

05 

0 

00 

0 

05 

0 09 

10 

0 

1 

0 

IS 

0 1 

0 IS 

0 

1 

0 

IS 

0 

15 

0 

27 

0 

2 

0 3b 

15 

0 

‘J; 

0 

30 

0 2 

0 30 

0 

25 

0 

45 

0 

25 

0 

45 

0 

35 

0 63 

20 

0 

3 

0 

54 

0 3 

0 54 

{) 

35 

0 

03 

0 

40 

0 

72 

0 

5 

0 90 

25 

() 

45 

0 

81 

0 45 

0 81 

0 

5 

0 

0 

0 

0 

1 

1 

0 

75 

1 4 

30 

0 

0 

1 

1 

0 ()5 

1 2 

0 

7 

1 

3 

0 

85 

1 

0 

1 

1 

2 0 

35 

0 

S 

1 

4 

0 85 

1 5 

1 

0 

1 

8 

1 

2 

2 

2 

1 

5 

2 7 

40 

1 

05 

1. 

0 

1 15 

2.0 

1 

35 

2 

4 

1 

6 

2 

0 

1 

05 

3 5 

45 

1 

4 

2 

5 

1 55 

2 8 

1 

75 

3 

2 

2 

1 

3 

8 

2 

5 

4 5 

50 

1, 

.8 

3 

2 

2 0 

3 0 

2 

25 

4 

0 

2 

7 

4 

0 

3 

15 

5 7 

55 

2 

3 

3 

4. 

,1 

2 0 

3 3 

4 7 

3 

0 

5 

4 

3 

5 

6 

3 

4 

0 

7 2 

00 

.0 

5 

1 

5 0 

3 

8 

0 

0 

4 

5 

8 

1 

5 

0 

9 0 

05 

3 

8 

0 

0 

4 25 

7 7 

4 

.8 

8 

7 

5 

0 

10 

1 

6 

2 

11 2 

70 

5 

1 

0 

2 

5 4 

9 7 

0 

.2 

12 

1 

7 

0 

12 

6 

.8 

0 

15 4 

75 

7 

.0 

12 

0 

7 3 

13.1 

8 

5 

10 

3 

9 

2 

16 

0 

10 

3 

18 5 

80 

0 

4 

10 

0 

10.0 ’ 

18.0 

11 

4 

20 

5 

12 

2 

22 

0 

13 

6 

24 5 

85 

13 

0 

23 

4 

13.4 

24 1 

15 

9 

28 

6 

16 

.9 

30 4 

18 

2 

32 8 

90 

19 

G 

33 

.3 

(20.0) { 

[30 0) 

(22 0) (39 6) 

24 

7 

44 

6 

26 

9 

48 4 

92 

24 

.0 

43 

2 

— 

— 

— 

— 

“ 


— ' 



” 



94 

30 

6 

54 

9 

— 

— 





““ 


__ 
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8 TABIiB GIVING the SPECIFIC HbATS OF SUGAR SOLUTIONS 

(Cf. Curin, Oest. Zeitscshrift, 1894, p 988.) 



Specific heat according to 


Specific heat according to 

Degree 

Bnx 

Kopp 

Mangnac 

Degree 

Bnx 

Kopp. 

Mangnac. 

1 

0 993 

0 994 

60 

0 605 

0 652 

10 

0 934 

0 942 

70 

0 539 

0 594 

20 

0 868 

0 884 

80 

0 474 

0 536 

30 

0 803 

0 826 

90 

0 408 

0 478 

40 

50 

0 737 
0 671 

0 768 

0 710 

99 

0 349 

0 426 

Table 

showing 

Sugar-losses 

in the 

Evaporation 

OF Alkaline 


Juices 


(Cf. Herzfeld, Deutsche Veremszeitschnft, 1893, p. 754 ) 
Sugar-losses for 100 parts of sugar m one hour 


Boiling 
temperature 
m0« C 


Sugar-content of the juice 



10% 

20% 

30% 

40% 

50% 

80 

0 0444 

0 0301 

0 0157 

0 0179 

0 

0200 

85 

0 0615 

0 0421 

0 0223 

0 0262 

0 

0296 

90 

0 0790 

0 0541 

0 0290 

0 0344 

0 

0392 

95 

0 0965 

0 0661 

0 0357 

0 0427 

0 

0488 

100 

0 1140 

0 0781 

0 0423 

0 0508 

0 

0584 

105 

0 1385 

0 0937 

0 0490 

0 0588 

0 

0680 

110 

0 1630 

0 1093 

0 0557 

0 0667 

0 

0776 

115 

0.1749 

0 1187 

0 0623 

0 0748 

0 

0862 

120 

0 2823 

0 2341 

0 1857 

0 2269 

0 

2678 

125 

0.5330 

0 5082 

0 4833 

0 5939 

0 

7044 

130 

2 0553 

1 4610 

0 8667 

1 0235 

1 

1800 

135 

3 5776 

— 

— 





140 

5 1000 

— 

— 

— 


— 
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10 Tiklks showing Influence of Purity on Yield. 

(Claasaen, D Zuckennd 1894, p. 956.) 

I On Yiis-ld op Raw-soqab. 

(a) Influonco of purity of ruasHflomto when (6) Influence of punty of centnfugalled 
purilv (li contufufftiilod Hiiiip ib 72 airup when punty of nioaseouite is 91 


MuMHeciuto. 

Yield of 

Increase of 
violfl pot 

1 per C(Mit 


Yield of 

Increase of 
yield per 

1 pel ( cnt 



law sugar 
(92“) as per 
cent or 

Punty of 

I iw sugar 
(92") as per 

Total 

I’uiify 

lucuMiHO m 

sirup 

cent of 

increase m 

Mihds 

luaHsecuito 

put ity 


niasseouite 

punty 

91 

SS 

59 0 



75 

66 7 



91 

*S9 

62 7 

6 7 

74 

67 9 

1 2 

94 

90 

66 4 

6 7 

73 

69 1 

1 2 

91 

9i 

70 1 

6 7 

72 

70 1 

1 0 

91 

92 

76 S 

6 7 

71 

71 0 

0 9 

91 

96 

77 5 

6 7 

70 

71 9 

0 9 

94 

91 

81 2 

3 7 

69 

72 7 

0 8 

91 

Of) 

SI 9 

3 7 

6S 

73 5 

0 8 




, — , 

— 

67 

, 74 2 

0 7 

— 

— 

— 

— 

66 

71 9 

0 7 


II On Yield op Mol^ssph 

Pi itoi'NTvcMi Yiiild on Weioiii' oi' Bmiots Molasses containing 20 % 

W V'l'Elt 

I’loni 16 ' f 1 ^ u‘l(l ol FirM. MaHsocuilc and a Tnie Punty of the MoLiascs of 62 . 


A\ erugo pDlurnsution of the Hugar 


True putilv 
c»f the 

91 

j 95 

1 9(1 

1 97 

100 

Tnus'4(>( UIK* <»l 

thick juJ(c* — 

t)() 

6 6 

MoI'ihsom 

1 

6 6 

! 1 1 

m per cent of the boots 

4 0 4 3 

4 9 

91 

2 7 

6 1 

3 4 

3 8 

4 4 

92 

2 1 

2 6 

2 9 

3 3 

4 0 

96 

1 6 

2 0 

2 4 

2 8 

3 5 

91 

1 1 

P5 

] 9 

2 4 

3 0 

95 

0 6 

0 9 

1 4 

1 9 

2 6 

96 

0 0 

0 4 

0 8 

1 5 

2 0 
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Various Data 


One cubic meter weighs: 

Washed beets ... 550 to 600 kilos 

Fresh residuum, cosettes. ... . . 600 ' * 

Soured residuum, cosettes . . 800 * ^ 

Furnace coke .... . 420 * * 

Gas coke ... . , . 350 

Limestone .... 1600 

Lime ... . ... .. 775to 950 

Slaked-lime paste . . , . 1200 * ‘ 

Raw sugar, loosely piled up . . 875 * ' 

" “ seconds, loosely piled up. .. 780 ** 

Hot massecuite . 1450 to 1470 * ' 


Specific Weights. 

Sugar , .... 1 61 

Limestone . .. 2 36 to 2 74 

Lime .... 2 3 to 4 2 


Weight op Gases at 0® and 

1 litre of air 
1 of oxygen 
1 '' of nitrogen . 

1 of carbonic acid 
1 '' of sulphurous acid . . 
1 carbon monoxide 
1 steam at 100® C 
1 hydrogen 
1 illuminating-gas . . . 


Specific Heat of Gases 


MM Atmospheric Pressure. 

. . 1 293 grams 
... 1 430 
. . 1 256 '' 

1 977 

2 909 
1 250 

0 506 

0 089 

0.517 


Constant Pressure 


^ . 0 2376 

Oxygen , o 2175 

Nitrogen 0.2438 

Carbon dioxide 0 2396 

Carbon monoxide 0 2450 

Hydrogen 3 4990 

Steam (old value) 0 4750 


(For new value see Table VI ) 
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Coefficient of Heat Transmission, Data Obtained in Practice 
(accordino to Jblinbk). 

’ 1st eoiupartmont 37 calories 
Triple effect - 2d ** 26 “ 

1 3d 14 


' Isl compartment 28 calories 
Quadruple effect ^ u ^ u 

,4th " 6 to 6 calories 

Vacuum-pan for after-products 6 to 7 calories. < 

Until grain formation, 18 calories 
^ ' ** massccuito, Ist ■ During graining, 10 calories 

During thickening, 3 7 calories 

According to Claassen* 

1st compartment, fall of 5® 5 temperature, juice at 10° Brix, 40 

to 60 calories 

u'rmln " 7° 6 juico at 20° to 26° 

Triple effect 3 q gg 

3d ** ** *' 24° temperature, juice at 65° to 62° 

, Drix, 15 to 20 calories 

Experiments CoNDiTc’rKi) on \ iSm\ll Scale at the Atmospheric Pressure 
( ^c’i’ORniNd TO Sulzer) 


Coefficient of heat transmission for 
Thick- Htoum used at the tempera- 

Kiiid of tubo. 


1 Drawu-coppor tuho 2 6 — 47 3 57 2 63 3 62 3 64 2 

2 Wt -non tube, 11 voted and cnamolod 2 1 — 33 3 36 3 36 8 37 7 35 3 

3. Wl.-iron tube, nvotod but not enam 2 1 — 38 0 36 7 39 2 39 2 37 8 

4. Wold(‘d w 1 ought -n on boilei lube 4 5 — 40 6 42 8 44 8 45 6 43 3 

6 Hough cast-iron tube 10 — 25 8 32 2 31 5 31 3 32 3 

6 Welded w I ought-lion tubo . . 13 — 23 2 24 7 26 2 26 6 24 7 

7. llivetod steel cnanu‘l<‘(l tube . I 8619 0 26 2 31 3 33 0 38 3 — 

8. Cast-iron smoothly turned tubo 16 26 17 7 20 5 24 5 26 0 26 0|25 7 

0. Cast-non eoruigated lube . 13 6 26 2 24 8 28 0 28 7 30 0 29 7 


In the preheater for diffusion juices with moderate circulation, 2 to 3 calories 
** “ rapid circulation, 6 to 10 calories 

Decomposition op Sugar in Alkaline Solutions 

1 cu. cm. of a caustic potash 1/tO normal (containing 0 0047 grams KaO=» 
0.0028 gram CaO) is neutralized by 0.012 gram of inverted sugar or 
0 0114 giam of saccharose. 
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CALCULATIONS FOR AN EVAPORATING PLANT AND FOR 
THE STEAM CONSUMPTION IN WORKING UP 100 LBS. 
OF BEETS 

The following calculations do not claim to be precise, but only- 
show in a simple way how practical data can be obtained: 

Given: The evaporating plant consists of a quadruple effect 
and juice-cooker Steam for heating and boiling is taken as 
foUows 

For Diffusion from First effect. 

First juice-heater: Fourth effect. 

^ ' Second juice-heater . ' ' Second effect. 

Carbonatation juice, thin juice and thickened juice: 

from First effect 

'' Pans half is taken from the first effect and half from the 
juice-cooker 

From 100 lbs of beets are obtained 115 lbs of diffusion juice 
and 125 lbs of carbonatation and thin juices The thin juice is 
concentrated from 12° to 60° Brix The amount of thickened 
juice will be 25 lbs., and the amount of massecuites 15 lbs Plcnce, 
from the thin juice 100 lbs. of water will have to be evapoiatcd, 
from the thick juice, 10 lbs 

The specific heat of the beets and thin juices is 0 9, and of the 
thick juice, 0 6 

' * The data in the two appendices following have been expressed in the 
U S units of measurement As Dr Claassen has given most of the 
data m parts per 100, comparatively few of the figures are changed, except 
those expressmg temperature, heat-units, transference coefficients, and 
heatmg-surfaces As in the original calculation, round numbers are given'. 
— ^Translators. 
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A. For the heating and boiling calculations, the following 
amounts of steam are used : 


1. For the Diffusion. The amount of heat necessary for juice 
heating is the dilfcrenco between that in the raw juice, 
including that in the spent chips and waste waters, and 
the amount introduced in the beets and water, including 
cooling losses 

There are 00 lbs of spent chips and 110 lbs. of w^aste water 
The tempeiature of the beets is taken at 50° F , that of the 
picssure-water being 50° F , and of the law juice 95° F , and of 
the spent chips and waste waters GS° F 

There is added (a) 100X0 9X1S + 215X18 B T U , and eai- 
licd away (b) (110 + 90)30 + 115X0 9X03 BT U 

S230 

Heat consumption {b — a) 8230 BTU = ~ -" lbs of steam, 

D=S5lbs 

2 For heating the law juice In the fust pn'heatei, fiom 95° to 
122 ° V 


115X27X0 0 BT U 


27i)5 

01 of steam, AVi =2 <) lbs 


In th(‘ sc'coml pieh(*atc‘i, from 122° to 185° F 


1 15X03X0 9 B T U lbs st(‘ani, /iV 2 -() 7 lbs 

3. lA)i lu‘ating dining carbonatation 

('oolmg duiiiig caiboiiatat ion and filtration 13° 

second carbonatation 18° 

Heating fiom 185° to 212° F 27° 


125X58X0 9 BT.U. 


or 


0525 .. ^ 

lbs steam, 


58° 


C =0 7 lbs. 


4. For reheating the thin j nice and boiling, corresponding to 36° F. : 


lU . 

lbs. steam, 


2V-411bs. 


126X36X0.9 B.T.U, or 



X. X 4, „ Tr 
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6 For heating the concentrated juice from 158° to 212° F.: 

810 

25X54X0 6 BT.U. or ~ lbs. steam, r/=0 81bs. 

6. For boiling the concentrated juice in the pans. By which 
10 lbs. of water is evaporated. 

7^ lbs. of steam =10 5 lbs. 
u.yo 

For heating: 1 0 


11.5 lbs. 5 =11.5 lbs 
Total. 41.2 lbs. 

B. Special Consumption of Steam. 

1. For heating thin juice from 212"^ F to the boiling tem- 

perature of the heater, this being done either in 
the heater or in a special preheater and according 
to the temperature required taking 2~3 lbs. 2 lbs. 

2. For the motive power of engines For every 100 lbs 

of beets worked up there is necessary 0 5-0 7 
horse-power hours, one horse-power hour taking 
heat corresponding to 2 6 lbs of steam Heat 
used in round numbers, 2 lbs. 

3. Cooling losses* 

(a) In steam lines , . 3 lbs 

(b) In apparatus, etc. , 3 lbs 

6 lbs 6 lbs. 

4. Losses from leaks, evaporation, etc , (2-3 lbs ) 3 lbs. 

Total special steam-consumption, 13 lbs. 

The amount of engine exhaust in most factories with ordinary 
type of engines is usually taken as averaging 30 lbs., those with 
modem and centralized power averagmg 20 lbs. per 100 lbs. of 
beets. 
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The following diagram shows the way the steam is taken fron 
the evaporator above described 

Exhaust Steam, =30 

Juico-oooker, I II. ni. IV 

-B-5.5 D= 8.5 2JJ2=6.7 i2J=2.9 

C= 67 
t]= 4.1 
TJ= 0 8 
6.0 


Total. =26 1 

Designating the amount of steam which the quadruple will 
evaporate from 100 lbs of beets as x, this will be found in round 
numbers. 

In IV, X 
III, X 

II, x+ 6 7 

I, x+ 6 7 + 26 1 

JC,x+ 6 7 26 1+5 1-30 

Total, 5 1 + 20 1 + 52 2+55 -30 = 100 

Siiu'o thoio arc 100 lbs of watci m all to bo evaporated, 
r = 10 4 lbs 

Live steam only passes into the juicc-cookei, hence it is hen 
that all the live steam foi evaporating as well as for other purpose 
enters the system 

The whole of the steam necessary for evaporating is 


Live 

18 7 lbs 

Exhaust 

30 0 “ 


48 7 

Steam specially used (S) 

13 0 

Total steam used in the factory for 


100 lbs. beets 

61 7 lbs. 


I 
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If m the boilers 1 lb. of coal evaporates 8 lbs. of water, the 
coal consumption will be 7 7 lbs of water per 100 lbs of beets. 
These coal and steam figures apply only when the work is con- 
tinuous. Interruptions and Sunday rest periods raise them 
notably. 

In the single effects of the evaporating plant as described 
above, the heat-units transferred or amounts of water evaporated 
per 100 lbs of beets are as follows: 



Evaporated. 

Ilcat Transforri'd 

juice-cooker . 

IS 7 lbs water 

17,800 B.T U. 

First effect 

43 2 " 

41,200 “ 

Second effect . . 

171 

16,600 “ 

Third effect . . 

10 5 

10,400 " 

Fourth effect 

10 5 

10,600 “ 


100 0 lbs water 

From the vapors passing out of the last effect, 2 9 lbs will be 
condensed in the first juice heater, only 7 0 lbs going to the 
condenser From the pans, 11 lbs of vapors pass off, so that 
altogether 18 lbs of waste vapors are condensed per 100 lbs of 
beets. 

The amount of condensed water from the cvapoiators is dis- 
tributed as follows 

(a) Water at a temperature above 212° F 


From the exhaust-steam pipe 5 lbs 

juicG-hcatcr 18 7 '' 

first effect 43 2 

second effect . . 17 1 


(6) Water at about 212° F.: 
From the pans 

third effect . .. 
thm-juice heater. . . 
thick-juice heater . 


84 lbs. 


11 5 lbs. 
10.5 
4 1 
0.8 


26.9 lbs. 
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(c) Water below 212® F * 

From the fourth effect . . , 10 5 lbs. 


t { 

diffusion heaters . 

85 

cc 

diffusion juicc-hcatcrs 

96 


carbonatation juice heaters . 

67 


35 3 lbs. 

146 2 lbs. 

Calculation of heating-surface is on the following principle* 
Since the heat-transference coefficient is the heat transferred 
from one square foot of surface per degree Fahrenheit of tempera- 
ture, m order to determine the size of the hcatmg-surfacc for each 
vessel it is necessary to divide the heat-umts which aie tiansfci’icd 
in one minute in each vessel, as given above, hy lh(‘ pioduct 
of the temperature fall and the hcat-tiansfeuMicc' cocdficuMit For 
the temperature fall in the preheaters, take the (IdfeK'iice ])ot\\eeii 
the temperatuie of the steam used for heating and the mean 
t('nip(Mature of the juice entering and leaving tlu' aj)])aiatus 
In tlu' case of evapoiatlng and boiling ajipaiatus, th(' ddleionce 
of teni])('ialui(‘ between the steam and the boiling liquors should 
be tak(‘u 

('\L<’UL\n()N OF ITRATrNr,-aum.'ACE fou 100 r^ns of Bkhrs m 1 Minute, 
( 'oIlIlESPONDINa TO A DaILY WoUK OF ABOUT 50 TONS 



irput- 

Tompom- 

llptU- 

♦ 1 ana 

Ileat- 

AppiimtuB 

unitH. 

tuio Fall 

(’opf 

siiifaco, 

B T U 

mF" 

BT 

■ U 

Sq Ft 

Juico-cooker 

17,800 

18 

8 

3 

120 

Pnst cITcct 

41,200 

14 

7 

5 

390 

Second cfT<‘ct 

10,000 

10 

5 

0 

210 

Third elTcct . 

10,400 

IS 

3 

3 

175 

Fourth eiTect . 

10,000 

31 

2 

0 

170 

Rawjiucc First piehcator 

2,800 

45 

0 

8 

80 

Second preheater 

0,500 

03 

0 

8 

130 

Carbonatation Juice heater . 

0,480 

30 

0 

8 

226 

Thin-juice heater 

4,(550 

18 

1 

7 

130 

Thick-juice heater 

810 

64 

0 

8 

20 

Vacuum-pans. Ibrsts . . . 

9,720 

54 

1 

7 

105 

Sirup 

970 

54 

0 

8 

20 
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Since the vacuum pans for firsts and for sirup products are 
not working continuously, and since the juices do not all boil 
down equally well, it is advisable to provide an excess of from 
50 to 100 per cent* over the calculated amount of heating sur- 
face required Still more heating surface is required if the 
evaporating apparatus is not thoroughly cleaned once a weak, 
or if there is much scale deposited from the juice. It is not 
necessary to provide for a temporary working-up of more beets, 
for instead of 50 tons per day, as was assumed, 100 lbs per 
minute is actually equivalent to 62 tons per day This com- 
putation, however, is for apparatus for good juice circulation, 
and does not hold for apparatus of antiquated design 

The heating surfaces in the boilers that is necessary for 
delivering 62 lbs of steam per minute (cf page 329) can be 
computed according to the following prmciples* To utilize the 
coal efficiently, 1 square foot of heating surface should not give, 
in return flue boilers, more than 4 to 5 lbs of steam per hour, 
or 0 07 to 0.08 lb. per minute, m multitubular boilers 2 4 to 
3.2 lbs. per hour or 0,04 to 0 05 lb. per minute. Hence for the 
production of 62 lbs. of steam per minute required for 62 tons 
of beets daily (here it is not necessary to make a deduction) 
there are needed in 

Return flue boilers . 7S0 to 925 sq ft. 

Multitubular boilers 1215 to 1460 “ 


or for a daily working of 50 U. S. tons, 


Return flue boilers 
Multitubular boilers. 


542 to 710 sq ft. 
845 to 1015 “ 
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. Heat Balance in the Factoey, 

Calculated for 100 pounds beets worked up. 

(a) Heat loss in the boiler-house : 

Goal consuniod, 7.7 lbs, 12,240 B T U. . . 94,250 B T U. 

Utilized* 61.7 lbs. of steam which, when 
the feed water is at 203° F , represents 
1000 BTU per lb . . . 61,700 = 66% 

Lost. . 32,550 - 34% 

(b) Heat losses in the sugar-house : 100% 

(The per cents arc on the heat-units utilized in the steam 

consumed, taken as 61,700 BTU) 

1, From the boiler-house to the place where 
utilized 5,040 B T U == S.1% 

2 In the condenser waters In condensa- 
tion, the calculated amount of steam 
used is IS 6 lbs which is increased by 
various irregularities and by losses in re- 
moving ammonia gases, etc , to about 



20 lbs =20X1134 B T.U 

22,GS0 “ 

=3C 5% 

3 

In the dumpings fiom the diffusion, 200 




lbs =200X18 BT U 

3,000 “ 

= 

4 

In the press-scums, 10 lbs =10X108 




BTU 

1,080 “ 

= 1 7% 

5 

In the water condensed from the evapo- 




ratoi vapors and not utilized foi boilei 




feed and sweetening off, about 65 lbs = 




65X144 BTU ... 

0,180 “ 

= 14 7% 


(If this water is utilized in diffusion 

1 

this loss belongs to the diffusion 
dumpings.) 


6. In the massecuitcs, first and second, 
total 20 lbs. (specific heat 0.5), cooled 
126° F 1,260 B T.U. - 2 0% 

Total known losses ' 42,840 B.T.U.=0S.S% 

Undetermined losses . . . 18,860 =312% 
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COMPARATWE REVIEW OF THE STEAM AND COAL CON- 
SUMPTION IN DIFFERENT SYSTEMS OF EVAPORATION 
AND HEATING. 

Ix order to illustrate more fully the different evaporator 
systems and to show the way the vapors and steam are utilized 
m heating and pan boiling, the following synopsis has been made 
of the combinations most in use. Obviously to make piopcr 
comparison, all conditions except the arrangement of the evapo- 
rating plant and the method of steam distribution must bo iigidl}^ 
uniform, and these data are so set forth in the table In such 
a presentation an accuiate view of the working of the vaiious 
evaporating systems can be obtained 

In the table, the quantities of heat which are taken for heating 
and boiling are placed under the appropriate symbol for each 
body. If live steam is taken the amount is given in a special 
column The amount of exhaust is taken as 30 lbs , if no figure 
is given over those of the first effect 

Steam and Fuel Consumption. 

Given: Raw juice, 115 lbs Thin juice, 125 lbs 

Water to evaporate, 100 lbs 

Exhaust steam, 30 lbs (with centralization and good 
engines, 20 lbs ) 

Steam for heating* Raw-juice heater, I (RJ{) =3 lbs. Raw- 
juice heater, II (EJ 2 ) =7 lbs Diffusion (D) =8 lbs. 
Carbonatation (C) =7 lbs Thin juice (tj) =4 lbs. Thick 
juice (TJ) =1 lb. 
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Steam for boiling the thickened juice, H lbs., for boiling 
sirup, 1 lb. Total (B) =12 lbs. 

Special uses of steam: For power =2 lbs for heating juice 
m evaporators =3 lbs Coohng losses =6 lbs. Steam 
loss = 2 lbs Total = 13 lbs 
Water evaporated in boilers' 8 lbs per 1 lb of coal. 


Steam Lbs 

Evapoiator System Coal Lba 

Evap Total 

I II III 72 3 85 3 10 7 

= S RJ,^7 C=7 0 = TJ=l B^12 

ITT 03 3 70 3 5 


./// I 

/>-s 
Ja.^7 

TJ = 1 
30 Ihv, 

I JIlu I 

4 /i-s /;-s 

0-4 /iV, = 7 

7\;-l C = 7 

20 lbs 

^ jriu I 
i /i-s /;=s 

0-1 RJ,^7 

I II III IV 04 0 77 0 9 6 

/iJ/,-3 

5 HJ^^7 C=-7 0 = ‘i = 1 ^-^ = 12 

II III IV 59 3 72 3 9 0 


I 

S 72/3-7 
12 C-7 

ij^r 
TJ^l 



II III 55 0 ()cS 6 S 5 
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Evaporator System 


Steam Lbs 
Evap Total 


P = 12 

I 

D -8 

C=7 

TJ^l 

II III 

5 / 3*7 

00 

55 5 

68 5 


I 

I >-8 

r/-i 

5-12 

II III 

5/3-7 

5-7 

IV 

5/1-3 

50 8 

63 8 

JK 

P =12 

I 

5-8 

5-7 

</=4 

rz-i 

II III 

5 / 3-7 

IV 

5/1-3 

50 4 

63 4 

II 

I 

5-8 

i?=4 

r/=i 

5^-8 

30 lbs 

II III 

5 / 2-7 

5-7 

IV 

5/1-3 

47 4 

60 4 

JH 

J 5 i -4 

I 

5-8 

4 

r/-i 

5 i-S 

20 lbs 

II III 

5 / 1-7 

5-7 

IV 

5/1-3 

45 4 

58 4 

/iTi 

^ 3=4 

20 lbs 

JHn 1 11 III IV 

B ,-8 D = S «/, = ? E/, = 3 

t;=4 C=7 

TJ '=1 

42 3 

55 3 


20 lbs 

/ffn I II III IV 

B,=4 D =8 E/j = 7 EJ, = 3 

C=7 
ij=4 

TJ =1 

Si=S 

42 3 

55 3 

I 

/j = 

TJ = 1 
J? = 12 

II 

4 5-8 

5-7 

III IV 

5 / 2-7 

V 

E/i =-3 

45 4 

08 4 




•.. 1 C ^ 

1521 ' 




Coal Lbs 

8 6 

8 0 

7 9 

7 5 

7 3 

7 3 

6 9 

7 3 


! r. D ^ Q Y 
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Acid, caused by evaporation, 124 
for purifying sirups, 128, 174 
in diffusion juice, 47, 81 
in thin liquors, 159 
Acid, hydrochloric (muriatic) 
for cleaning filtei -presses, 112 
for removing scale, 142 
Aftpi-product*^, 220 
alkalinity, 237, 240 
boiling to gram, 233 
covering, 238 
control apparatus, 234 
crystallization in movement, 235 
in crystallizeis, 231 
froth fermentation, 237 
temperature for boiling, 232, 235 
temperature for crystallizing, 230 
Albumen in juice, 47, 81 
filters, 83 
Alkalinity 

boiler-feed, 258 
centrifugal siiups, 240 
concentrated juice (sirup), 170 
diffusion juice, SI 
filtered juice, 115, 116 
fust carbonatation, 101-107 
fust green sirup carbonatation, 171 
increase m pan, 188 
in defecation, 93, 101 
in evaporation, 124 
over-satuiated juice, 105 
second carbonatation, 123, 126 
sugar crystals, 219 
thin juicc, 125 
Ammonia 

fiom juice, 138, 170 
in evapoiation, 139 
in vacuum-pans, 175 
vents, 139, 176 
Antiseptic agents, 130 

Beet cells, 27 

changes within, 28 
Cell tissue, 27 

Beets, action of diffusion upon, 37 
bins for, 4 
cleaning, 6 
control of quality, 2 


Beets, composition of, 307 
cultivation, 1 
delivery regulation, 4 
diseases, 11 
fibrous, 24, 26, 55 
frozen, 7, 15, 39, 42, 47, 52 
injured, 11, 15, 38, 47, 63 
quality effect, 1, 281 
respiiation, 7 
sampling, 6 
slicing, 20 
spiouts, 11 
stoiago, 7 

storage temperature, 11 
sugar loss ui washing, 15 
tcraperatuie home in diffusion, 39 
tops, 6, 298, 299 
tiimmmg, 0 
washing, 16 
weighing, 19, 282 
weight gain, 9, 15 
weight loss, 10 
weight of, 324 
unsound, 39, 47, 53, 109 
Beet-slicers (see also Kniocb), 20 
Beet slices 

amount of extraction, 41 
effect on action of picbses, 62 
shape and size, 38 
Beet slices, exhausted 
ash of, 79 

changes in composition, 78 
drying, 74-80 
elevator, 60 
keeping qualities, 80 
pressing, 61 
proportion to beets, 79 
lemoval from diffusers, 59 
sucrose determination, 283 
transpoitation, 69 
tieatment with molasses, SO 
Bins for licets, 4 
Boilers, care of, 259, 262, 295 
corrosion of, 258 
feed-water for, 162, 255 
injuries, 266, 268-260 
low-pressure, 258, 261 
Boiler-house, 254 
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Feimentation m masseduites, 241 
Filter-presses 
cleaning, 112 
cloths, 113 

for first filtration, 110 
for second filtration of their juices, 
127 

influence of magnesia, 123, 127 
pressure for, 110 
size, 111 

slow running, 115, 126 
types, 110 
washing, 116 

Filter-press cake (scums) (sludge) 
composition, 297 
disposal, 298 
for fertilizer, 121, 297 
formation, 114 
physical condition, 297 
proportion to lime, 120 
soft, 115 

sugar m, 116, 126, 283 
thickness, 112 
Froth, m diffusers, 53 
in carbonatation, 109 
Formulse 

calculation of amount massecuite, 
310 

condensation, 312 
evaporation, 310, 311 / 

heat transmission through a metal 
\vall, 312 

saturation for sirups, 311 
sugar yield, 310 

Gas in diffusers, 54 
in evaporators, 138 
m vacuum-pan, 175 
Gas from kiln, 269 
Gas-pumps, 269 
Gas-vents, 34, 54, 139 
Gas-washers, 268 
Gauges 

for boihng control, 187 
for evaporators, 132, 161 
for gas-washers, 269 
for scum-pumps, 110 
for vacuum-pans, 176, 187, 227 
protectmg from oil m boilers, 260 
Granulators, 217 

Gram foundation (see crytsal founda- 
tion) 

" Green sirup,” 216 

Heat balance, 333 

Heat formulse, 311-325 

Heatmg surface, calculation of, 331 


Heat transfetence, 133, 138, 145, 150, 
155 

coefficient, 155, 331 
m last effect, 153 

Heat transmission through films 
of liquid, 133 

through a metal wall, 133, 312, 325 
Hydraulic carriers, 13 
choking, 14 

for exhausted chips, 59 
mclmation, 14 
stone-elimmator, 15 
sugar loss from, 15 
water-supply, 14, 168 

Infusorial earth, use of, 95, 172 

Jmee (see “diffusion juice”) 
Juice-catchers, 146 
Juice-cooker, 152 
Jmce-heaters, 34 

Kmves, beet 
choice of, 25 
counter, 20 
“ dachrippen,” 25 
double, 25 
finger, 52 
fittmg, 24 

for fibrous beets, 24 
holders, 23 
Konigsfelder, 25 
requirements, 23 
sharpenmg, 26 
size, 24 

Lime * 
action on raw juice, 91 
amount present in milk of lime, 314 
amount used in defecation, *J5 
“dead burned,” 264 
decomposing action on non-sugais, 
92 

m diffusion juice, 82 
m molasses purification, 249 
m sirup, 172 
milk of, 87, 314 
punfymg waste-water, 302 
quality, 88, 248 
slaking heat, *89 

slaking with “sweet water,” 88 
solubility in sugar solutions, 314 
solubility m water, 314 
withdrawing from kiln, 266 
Lime-kilns, 263-270 
coke for, 266 
size, 265 

temperature, 265 
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Limestone 

chemistry of burnmg, 264 
choice, 263 
impuiities, 264 

Masseciute 
composition of, 305 
cooling of, 204 
crystallization, 200 
effect of purity on yield, 323 
finishing, 184 

finishing second, m pan, 196 
first, 202 

for cold purging, 107 
for crystallizing, 184, 196, 180 
foimulcc for calculating th eamount, 
310 

influence of puiity on yield, 323 
Kochmaischen, 200 
lumps in, 102 
properly boiled, 184 
stiff second, 220 
stiiring, 180, 230 
sugar determination of, 283 
temperature of, 220 
thin oi stiff, 108 
Mittelsaft, 173 

Molasses composition of, 224, 225, 305 
defined, 245 

effect of piiiity on yi(‘ld, 323 
foi fodder, 252 
lowest purity, 245 
osmosis of, 217 
piecipilation, 24S 
piiiiheation when concent ml e(l, 2 
jiuiity, 233, 236 
tuinspoitation, 2’)0 
“ Monte JUS,” lU), 1(>l 
Multiple-effect cvapouilois (see 
“evaporators ”) 

Oil (fats ) 

m caihonatation, 100, 100 
in cvapoiation, 163 
injUTing hoileis, 256, 260 
icmoval fium exhaust steam, 260 

Pi}nng 

for diffusion cells, 34 
foi steam, 274, 296 
painting of, 296 
I^resriure of steam, 316 
units for mcasuimg, 319 
Pulp catchers, 61, 82 
Pure-] uice-and-f odder, process, 70 
Purifying agents, 128 
for centrifugal sirups, 243 
Puiity, effect on yield, 323 


Raw sugar, 207 
appearance, 209 
changes in storage, 210, 212 
color, 210 
form of crystal, 210 
packages, 212 
quality, 208 
sifting, 211 
storage-room, 212 
transportation, 212 

Sampling, 280, 281, 294 
of beets, 6 

of condensed vapors, 147 
of hot well-waters, 286 
of press residues, 286 
of scums, 286 
Scalding process, 70 
Scale in evaporators, 141 
composition of, 141 
m boilers, 259 
m vacuum-pans, 192 
removal, 142 

Scum treatment, 110 (see also 
Filter-presses) 

Sirup (“ thick juice ”) 
alkalinity, 125, 170, 171 
ash content, 171 
carbonatation, 171, 172 
color, 170, 174 
composition, 305 
conccnhalion, 131 
(‘ntiainment, 146 
fdtiation, 172, 173 
liaid boding, 171, 190-192 
heat-tiansieience coefficient, 155 
lime in, 171, 190, lf)l 
liminir, 172 

puiity effect on boiling, 186 
pmily effect on yield, 326 
su pci satin ati on coelficicnl, 181, 
1S2, 185 

tcmpeiatiue, 145, 148, 171, 181 
viscositv, 144, 146, 189 
Slicing machines, 20 
Slicing of beets, 20 
Specific heats, 321, 322, 324 
Specific weights, 324 
Spoon tost, 101, 102 
Steam 

amount used in evaporation, 149- 
15S, 326-332 
cold, 278 

direct injection in juice-heatmg, 34 
direct injection m sugar-boiling, 
ISO, 193 

economizing in diffusion, 35 
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Steam: 

heating efficiency, 149 
m multiple-effect, 329 
regulation in sugar-boilmg, 178 
superheated, 273, 276 
Steam, apparatus, care of, 295 
Steam, e^aust 
mcreasmg pressure, 154, 157 
m juice-cooker, 154 
pressure, 145, 148, 157, 318 
specific heat of, 321 
temperature of, 145, 316 
usually not sufficient, 166 
utihzing, 156 
Steam, live 
at two pressures, 261 
consumption of, 156, 326-336 
controlled by jmce-cooker, 153 
for heatmg juice, 34 
for juice-cooker, 153 
used m starting, 158 
Steam mantle, Russian, 215 
Steammg out pans, 193, 194 
Stone eliminators 
for hydraulic carriers, 15 
for scum-pumps, 110 
Stones, removal from beet-slicers, 
22 

Strmg proof, 183 
Sucrates 

m carbonatation, 104 
m filter-cake, 126 
precipitated from molasses, 249 
in recovered liquors, 250 
Sugar, solubility of, 315 
decomposition of, m alkahne solu- 
tion, 325 

Sugar-boilmg, 175 
contiol, 186 

destruction of sugar, ISS, 322 
entramment, 189 
finishmg seconds, 220 
for crystallizer, 185 
for mixer, direct, 185 
for tanks, 184 

gram-forming condition, 181 
“heavy,^* 190 

learned experimentally, 178 
string proof, 183 
Sugar crystals 

by washing massecuite, 217 
by washmg with 'sirup m centrifu- 
gals, 215 
composition, 305 
granulated, 214, 217 
granulator for, 217 
Pili^e (loaf-sugar), 214, 217 
preparation, 214 


Sugar losses 
apparent, 284 

by leakage of juice-heaters, 35 
m beets, 10, 15 
m evaporators, 147, 158 
m pans, 188 
in scums, 116, 119, 173 
known (determmable), 283 
mechanical, 287 
summary, 286 

unknown (undetermined), 284 
Sugar-refining defined, 214 
Sulphurous acid, 270 
burners for, 271 
m second carbonatation, 123 
in sirup carbonatation, 171, 172, 
173, 174 
hqmd, 270 

Super-saturation-coefficient of sugar 
solutions, 179, 185, 197, 198, 199, 
221, 226 
Tables 

Heati-transmission coefficients, 325 
Heat transmission experiments, 
325 

Lime, solubility of, 314 
Massecuite, influence of purity, 323 
Molasses composition, 224 
yield, 323 

Sirups, saturation coefficients, 223, 
311 

Steam for evaporating, 327 
in multiple effect, 329 
temperature of, 316 
Sugar solutions 
boiling-point, 321 
effect of non-sugars on solubility, 
222 

effect of purity on yield, 323 
losses in evaporation, 322 
solubility of lime, 314 
solubility in water, 315 
specific heats, 322 
Various data, 324 
Temperature 

effect on composition of molasses, 
225 

effect on sugar decomposition, 158 
effect on viscosity of sirup, 226 
evaporation vapors, 167 
for filtering scums, 119 
for massecuite wash, 218 
for reheating for second carbona- 
tation, 122 

for 1 cheating for sirup carbonata- 
tion, 171 

for removing albumen from juice, 
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Temperature: 
for sugar store-room, 213 
in crystallizer for after-produets, 
23S 

m crystallizer for stiff massccuites, 

m) 

m crystallizer for thin massccuitcs, 
200 

m juice-cookcr, 151 
limit of heating juice, 124 
of adding lime in dry defecation, 
88 

of condensed water, 2o5 
of oovei sirup, 240 
of defecation, 87, 94 
of diffusion juice-heateis, 39 
of diffusion juice, pieliminary 
warming, 39, 70 
of diffusion water, 57 
of drying exhausted beet slices, 75, 
7G 

of exhaust steam, 145 
of hot-room, 229 
of lime-kiln, 265 
of massccuite in pan, ISS 
of sirup in last effect, 148, 171 
of steam, 316-31S 
of steam required for heating, 
151 

of stored beets, 11 
of stoicd gianulated sugtii, 217 
of vapoiss fiom evaporation, 167 
of vapois fiom last effect, 151 
of wast(' boiler-gases, 277 
piaetical lowei limit for utiliz- 
ing heat, 277 

satuiation relation of centiifugal 
811 ups, 221 

Tcmperatuie diop in multiple evap- 
oratois, 131, 118, 155, 100, 
325 


Ultramarine, 214 

Vacuum-pan, 175 
ammonia-vents, 139, 176 
contmuous feed, 183 
discharge-gate, 176 
equipment, 176 
heating surfaces, 175, 176 
leaky coils, 189 
size, 177, 184 
Vapors, evapoiation 
compressing, 15b 
temperature of, 167 
used foi boiling, 154 
used for heating cold juice, 151 
velocity in evapoiatoi, 147 
Various data, 324 
Viscosity 

effect of temperatuie, 226 
molasses, 225 
of juice, 144 

Wfliij©!!* 

boiler-feed, 162, 255 
condensed, 14t), 164 
for transpoiting beets, 14 
for washing filier-pi esscs*, IIS 
injection, 106, 107 
pressure, 33, 40, 168 
supply, 150, 168 
Water, waste, 300 
bactena of, 303 
purification, 300 
settling-tanks, 301 
Washing-machines 
for beets, 17 
for filtei -cloths, 113 
Weighing of beets, 19 

Yichl, calculation nf, 310 
YiekL effect of purity on, 323 
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